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Abstract

Background
and Study Aim

Material and

Methods

Results

Conclusions

Dance and movement therapy defined as culturally creative, unique, but at the same time and a
universal phenomenon encompassing bodily movements, bodily self-expression, feelings, stories,
body interactions with self and others. Aim of the Study was to evaluate the impact of dance and
movement therapy on the physical capacity, flexibility and psycho-emotional state of individuals
under constant stress.

The study included 18 - 45 years old females (N=20) who has psycho- emotional disorders and
came to this facility for rehabilitation treatment procedures. To assess functional physical capacity
was used 6 — minute walk test. For flexibility assessment, to determine the mobility of the lumbar
cross section of the spine was used Schober’s sample. For psycho- emotional state assessment and
for setting the symptoms of depression and anxiety in subjects was used Hospital Anxiety and
Depression Symptom (HADS) Scale. The fatigue was measured by Fatigue Impact Scale.

Positive statistically significant change in the psycho- emotional state of the subjects was in both
groups, however in dance and movement therapy group this state improvement is twice large than
in physiotherapy group. The mean values of the HADS scale decreased by 3.1 + 3.981 points in the
first group of subjects treated with physiotherapy and by 6.9 * 4.62 points in the second group
treated with dance and movement therapy. During physical capacity assessment it was observed a
statistically significant basic change in both groups. In the first study group the average 6 — minute
test increased by 35.2 * 24.89 meters and in the second study group by 27.5 # 19.44 meters.

Dance movement therapy has a positive effect on psycho- emotional state, flexibility and physical
ability of people experiencing constant stress. As observed, dance and movement therapy have
a positive effect not only on flexibility or physical ability, but also on psycho- emotional state.
Dance and movement therapy can be easily applied among different age population. All this makes

physiotherapy a highly essential tool to improve person‘s well — being and quality of life.

Keywords:

dance therapy, movement therapy, flexibility, psycho- emotional state, physical capacity.

Introduction

It was already investigated whether dance
therapy was more beneficial for individuals under
constant stress than dance therapy for cognitive and
mood symptoms [1]. Seven randomized controlled
trials with cognitive and mood symptoms in patients
under constant stress were identified. There were
significant differences in executive function after
dance therapy, but no effect was observed in cognitive
function, depression and apathy. Dance therapy is
helpful in improving the executive function of adults
under constant stress. However, a positive effect on
global cognitive function, depression and apathy
has not been established [2]. There is currently

© Julija Andrejeva, Asta Mockiene, Dainora Strazdauskaite,
Monika Pociene, Grazina Sniepiene, Elvira Malysko,
Natalja Istomina, Vaiva Hendrixson, 2023
doi:10.15561/26649837.2023.0101

a lack of appropriate rehabilitation programs for
individuals experiencing ongoing stress that affects
emotion control, flexibility and physical capacity.
The potential benefits of dance therapy for balance,
flexibility, physical capacity and psychological
wellbeing in individuals under constant stress have
been explored. Intervention sessions were performed
over eight weeks of dance movement training
aimed at improving individuals balance, posture,
physical capacity, flexibility and psycho-emotional
state, as well as emotional control. Individuals
demonstrated an improvement in physical capacity,
flexibility and psycho-emotional state after dance
and movement therapy. In addition, improvements
in depressive symptoms and quality of life were
observed at the end of the intervention. Dance may
be a suitable alternative method of physiotherapy
intervention for individuals experiencing constant
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stress or having psycho-emotional disorders [1].
The overall progression of a person’s body image
is a multifaceted functioning system involved in
the development of a personality identity that
influences satisfaction with a person’s quality of
life and emotional stability of the person. It stems
from body schematics and changes throughout life.
Dance therapy creates a connection between mental
and physical self- perception. It affects the cognitive,
social and personal aspects of personality. The
effects of dance therapy treatment on body image,
self-esteem and identity development in individuals
experiencing constant stress were evaluated and
compared with control groups. Dance and movement
therapy improve quality of life, self-esteem, body
esteem, and mental representations [3].

The causes of mental and behavioral disorders
are the most important of all health disorders (they
account for 36.9% of all years of disability in the world
among people of working age). In order for society
to avoid this burden, comprehensive community
and medical assistance to these individuals is a
necessity [4]. Dance and movement therapy as an
official practice of psychotherapy was formed in
the 1940 and spread internationally. Dance and
movement specialists work in the rehabilitation of
patients and the disabled with people of different
ages and genders with various physical, emotional
and social problems [5]. Disability in all periods of
human development was considered a difference,
an abnormality, a deviation from the norm, from
what is generally accepted. A person’s quality of
life is greatly influenced by a person’s physical
health, psychological state, degree of independence,
social relations with the environment. Art therapy
directs a person’s suffering and psycho-emotional
experiences to self-expression, stimulating his
or her creative abilities and abilities. The artistic
abilities of individuals with mental disorders include
not only the expression of intuition and feelings, but
also intelligence. Different branches of art develop
musical, spatial, movement, communication skills,
as well as the aspect of perception is revealed in
artistic activities [6].

Psycho-emotional disorders are common
problems in modern society. Many patients with
these disorders also suffer from gastroesophageal
reflux [7]. Sensitivity to interception, especially
heartbeat, will play a key role in the pathogenesis
of anxiety and anxiety disorders. Clinical trials to
assess heart rate in the presence of intercepted
susceptibility, heart rate due to anxiety — related
symptoms (anxiety, sensitivity state), panic disorder
and other anxiety disorders, use neurobiological
studies of neuronal activation magnetic resonance
imaging (fMRI) or electroencephalography (EEG)
techniques. Beta - blockers, biological feedback
therapy, cognitive interventions, and interoceptive
exposure can be used to increase heart rate as a

consequence of anxiety and anxiety disorders and
to potentially reduce interoceptive sensitivity [8, 9].

Emotional stimulation is very important
for person’s well-being. Fear, sadness, anger,
frustration, high mood, furious, ashamed, disgusted,
happy, satisfied, excited, overwhelmed are the
terms we use to describe our emotional lives
[10]. Psycho-emotional disorders are one of the
leading causes of high mortality in individuals.
The most common treatment for such disorders is
neuroprotective therapy. Indeed, such therapy to
some extent facilitates the normalization of the
condition and strengthens the physiological tissue
activity of the brain. Such treatment can also help
repair damage to various types of pathogens in the
brain systems shocks (traumatic, inflammatory,
vascular, degenerative, etc.) [11]. Research reveals a
statistically significant link between physiotherapy
and emotional well-being, the nature of which
remains little explored. Physical activity changes a
person’s psycho-emotional state, helps to control
negative emotions: anger, resentment, anxiety.
Individuals who have difficulty regulating emotions
benefit from physiotherapy or other forms of
active activity that help regulate neuromuscular
processes. Bernstein et al. in a study assessed
emotional propensity, mood, and anxiety, and
were randomly assigned a 30-minute stretching or
dance movement workout. Subjects in both groups
then experienced the same positive and negative
emotions and named response levers for emotional
reactions. The analysis revealed greater difficulties
in developing emotion regulation strategies and
engaging in behavior - oriented, goal — oriented
after induction of negative mood. Respondents
who experienced negative emotions predicted a
stronger and sustained negative impact in response
to stress. The interaction showed that aerobic
exercise, dance and movement training attenuated
this effect. Moderate aerobic exercise can help
alleviate negative emotions in participants who
have difficulty regulating emotions [12].

Purpose of the Study. The study purpose was to
evaluate the impact of dance and movement therapy
on the physical capacity, flexibility and psycho-
emotional state of individuals under constant stress.

Materials and Methods

Participants.

The Bio Ethics Committee of Klaipeda University,
Faculty of Health Sciences Holistic Medicine and
Rehabilitation Department formally approved the
research protocol. The study included individuals
who has psycho-emotional disorders and came to
this facility for rehabilitation treatment procedures.
The principle of goodwill was ensured by respectfully
informing the patient about future examinations
and tests. Subjects were explained that they would
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be free to choose whether or not to participate in
the study and those who decided to participate could
terminate the study at any time during the study. A
total number of 20 research subjects participated in
the study. The research subject were just females.
The initial assessment was performed before the
research onset and the second assessment was
performed after the research was finished.

Research subject selection criteria: 18 — 45 years
old individuals under constant stress, subjects who
experienced fatigue, high psychological pressure,
diagnosed with anxiety disorder, feeling tired,
decreased flexibility, decreased physical capacity,
psycho-emotional disorders.

Exclusion criteria: unbearable pain (9 - 10
according to Visual Analog Scale for Pain), spinal
surgery, high blood pressure, open wounds, patients
with epilepsy, arrhythmias, tumors.

Research Instruments.

To assess physical capacity was used 6 — minute
walk test [13]. This walking sample is a simple, easy
to repeat test to help assess submaximal functional
capacity and response to treatment. It is noted that
the results of this sample also have a predictive value.
Within 6 minutes, the patient is asked to walk as long
a distance as possible. A walking area is prepared
for the patient, where the length of one wheel is
84 m. For 80 m + 4 m turns, the turns are marked
with a clearly visible marker. The patient, coming in
wearing comfortable shoes, walks clockwise. As they
go, they can take rest breaks, which will be counted
towards the test time. The laps walked are counted
aloud so that the subject can hear clearly, and how
long the patient is walking and how much time is
left is reported. Each lap must be marked in the test
report and the distance travelled in a few meters
must be calculated. Assessment of physical capacity
(based on the results of a six-minute walk sample)
Low - <150 meters / 6 min. Medium - 150-425 meters
/in 6 minutes. High -> 425 meters / in 6 min. [14].

For flexibility assessment was used Schober’s
sample [15]. This test is used to determine the
mobility of the lumbar cross section of the spine.
The modified Schober test is measured by marking
three points in the back area of the subject. The
patient stands upright. The first point is marked in
the middle of the straight line joining the hip wings.
The second point is marked 10 cm above the first.
The third point is 5 cm below the first. This gives
a distance of 15 cm. The subject bends forward,
bending only the lumbar spine, without bending the
knees and without squatting. The distance between
the upper and lower point is measured. The result
is recorded in centimetres. The test is negative if
the difference is 7 cm or more. This means that the
mobility of the lumbar spine is good. If the distance
is less than 7 cm, the test is positive, the mobility
is limited [14]. Back bending. With the subject
standing upright with their hands on their sides,

6

they are asked to lean forward as low as possible. If
the mobility is normal, then the subject reaches the
floor with his fingertips. If the floor is not accessible,
measure the distance from the floor to the tips of the
bigtoes with a centimetre tape. However, it should be
noted that the muscle groups of the back of the hip
joints and legs are still involved in this movement.
Back building. The subject is placed on his stomach.
Relying on your hands, trying to stretch your back
as much as possible without lifting your pelvis. The
distance is measured in centimetres from the floor
to the upper edge of the sternum handle (to the yoke
bay). Lateral bending. When determining the lateral
mobility of the spine, the distance from the big toes
of the right and left hands to the floor is initially
measured directly while the subject is standing. The
same distance 22 is then measured by bending to
the sides. The distance on both sides should be the
same [15].

For psycho-emotional state assessment was
used Hospital Anxiety and Depression Symptom Scale
(HAD) [16]. The HAD scale is a scale for assessing
the symptoms of depression and anxiety in patients
receiving treatment in general (non - psychiatric)
settings. Using the HAD scale, the patient answers
fourteen questions, rated from 0 to 3, based on
their health over the past week. Seven questions
assess the symptoms of depression, seven - the
symptoms of anxiety. Estimates can range from 0
to 21. Estimates greater than 8 indicate possible
depressive or anxiety disorder.

The fatigue was assessed by Fatigue Impact Scale
(FIS) [17] (Fisk ]J.D., 1994). This scale consists of
40 covering wide aspect of fatigue questions in 3
criteria: physical, social, cognitive. Each question
is scored from O to 4 points. 0 points — no fatigue,
4 point - extremely severe fatigue. The maximum
score of points is from 0 to 160. More points are
total score means higher fatigue level.

The pain was assessed by Visual Analog Scale for
Pain (VAS) [18]. The respondent is asked to place a
line perpendicular to the VAS line at the point that
represents their pain intensity. Using a ruler, the
score is determined by measuring the distance (mm)
on the 10 cm line between the “no pain” anchor
and the patient’s mark, providing a range of scores
from 0-100. A higher score indicates greater pain
intensity. the following cut points on the pain VAS
have been recommended: no pain (0 — 4 mm), mild
pain (5 — 44 mm), moderate pain (45 - 74 mm), and
severe pain (75— 100 mm).

Research Design.

The study was conducted at the Lorna Medical
Center, Department of Physical Medicine and
Rehabilitation. Total research took 2 weeks. All
selected patients consisted of two study groups, one
group received physiotherapy exercises sessions
and other group received dance and movement
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therapy sessions. Physical therapy exercises
sessions in the gym (10 procedures) and dance
and movement therapy sessions (10 procedures)
5 times a week were then started for each patient.
The study was conducted in the hospital premises,
in the physiotherapy hall, therefore the subjects
were provided with a safe, quiet, comfortable
environment. The principle of respect for the dignity
of the individual was implemented during the study,
ensuring conditions that do not degrade the dignity
of patients, preserve privacy and freedom of choice.
The principle of the right to accurate, complete or
any information of interest to the study was ensured
by explaining to the subjects the purpose of the
study, the method of data collection, the relevance
of the study, possible responses to treatment, and
answers to pre —, post — and post - study questions.
All participants in the study were informed that
their anonymity would be ensured, the obtained
results and other information related to the patient
would not be available to other persons, and the
study results would be processed, used for research
purposes and published only in research.

The physiotherapy exercises session (Group I):
The duration of the exercises was 30 minutes. This
program consisted of three parts: introductory,
basic, and final. Exercises are performed lying on a
mat from various starting positions: lying on your
back, lying on your stomach, lying on your side,
leaning on your hands and knees, leaning on your
forearms and feet. This program includes breathing
exercises, torso, upper and lower limb muscle and
buttock stretching exercises, stretching exercises
aimed at stretching and relaxing shortened muscles,
improving psycho-emotional state, flexibility, deep
spine muscle activation exercises — local segmental
control exercises for muscles kinetic circuit segment
control exercises, strength exercises for torso,
upper and lower limb muscles using body weight
and gravity without aids, dynamic and static spine
stability exercises without aids, static endurance
training exercises, torso flexors, straight, lateral
flexors for static endurance, to improve physical
performance using body weight and gravity. Exercise
slowly, constantly paying attention to the position of
the pelvis (the neutral —- middle between bending and
stretching the spine must be maintained). During
the exercises, the abdominal muscles are kept tense,
trying not to hold your breath. The workload was
gradually increased, considering the individuals’
tolerance to exercise, in an effort to increase physical
capacity, flexibility and improve psycho-emotional
state. During the program, individuals were trained
in proper breathing. Stretching exercises are
maintained for 10 — 20 seconds. Strength exercises
are repeated 7 - 10 times. Static positions are
maintained for 6 — 8 seconds, then — until 10s. Static
endurance training strategy — regression pyramid
technique: for example, the lateral bridge in support

of the forearm and knee: five times performed from
the left side, five times from the right side, resting,
then four times from the left side and four times from
the right side then resting, and so on. Depending on
the patient’s physical condition, it can be started
from three and reduced to one. This technique is
designed to increase physical capacity in individuals
who experience constant stress, feel physically
weakened and tense, an essential provision: to
develop physical capacity, flexibility and improve
psycho-emotional state without causing a lack
of oxygen in the muscles. Instructor was licensed
physiotherapist.

The dance and movement program (Group II):
Exercise duration 30 minutes. This program
consisted of three parts: introductory, basic, and
final. The introductory part included stretching
exercises for the muscles of the torso, upper and
lower limbs, breathing exercises, pelvic floor control
exercises to accustom patients to exercise, relaxing
the muscles of the pelvis and lower extremities
so that patients could easily extract dance steps
after relaxing the pelvis. Stretching exercises are
maintained for 10 — 20 seconds without holding
your breath and maintaining proper anatomical
positions. In the main part, dance-movement
therapy was used (choosing the main steps of
Bachata dance with bachata music): two steps to
one side, two to the other, two steps to one side and
the other when crossing, two steps forward and two
backwards, turning four squares, steps to one side
and the other, a light squat is performed by rotating
the bowl in one direction and in 4 movements,
this combination of slow pace and 4/4 meter is
repeated five times while keeping the bowl in a
neutral position, protecting patients from excessive
lordosis. tense abdominal and pelvic floor muscles.
Upper limb movements were also progressively
connected while dancing Bachata. The number and
complexity of repetitions of Bachata steps and hand
gestures performed were progressively increased
according to the band’s capacity, and the pace was
also slightly accelerated. This program designed to
increase physical capacity, flexibility, and psycho
- emotional status. In the final part, breathing
and stretching exercises performed for the whole-
body muscle groups: torso, upper and lower limbs.
Instructor was licensed physiotherapist.

Statistical Analysis.

The research data was processed with SPSS
21.0.0.0 package version, the mean (X), standard
deviation (SD) and significance level (p<0.05) were
used to calculate the results. Microsoft Office Excel
2007 computer program.

Results

Assessment of psycho-emotional state (HAD scale).
From the presented results we can see that HAD scale
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scores in group I decreased, it is a positive progress,
the lower the scores mean the better the psycho-
emotional state. After calculating the correlations in
the first group, it can be summarized that the visible
expression of the correlation strength is 0.969, which
indicates the existing strong relationship between
the variables and the applied test. The resulting p =
0.00 is less than <0.05, indicating current statistical
significance. After calculating the correlations in the
second group, it can be summarized that the visible
expression of the correlation strength is 0.96, which
indicates the existing strong relationship between
the variables and the applied test. The resulting p =
0.00 is less than <0.05, indicating current statistical
significance. There was a statistically significant
change in both groups. From the presented results,
we can see that the mean values of the HAD scale
decreased by 3.1 * 3.981 points in the first group
of subjects treated with physiotherapy and by 6.9 #*
4.62 points in the second group treated with dance
and movement therapy. We can assume that in the
dance and movement therapy group, the positive
change in the psycho-emotional state of the subjects
is twice as large than in physiotherapy group (Fig. 1).

Assessment of physical capacity (6 — minute
walking test). After calculating the correlations
in the first group, it can be summarized that the
visible expression of the correlation strength is 0.94,
which indicates the existing strong relationship
between the variables and the applied test. The
resulting p = 0.00 is less than <0.05, indicating the
current statistical baseline. In the second group of
computational correlations, it can be summarized
that the visible expression of the correlation
strength is 0.581, which indicates the current mean
strength relationship between the variables and the

20

18 16,1
16

14

10

HAD Scale core, points

Group |

applied test. The resulting p = 0.05 is equal to 0.05,
which indicates the current statistical baseline. In
both groups the statistically basic change. From
the presented data, we can see that in the 1st study
group, who received physiotherapy, the average 6 —
minute test increased by 35.2 * 24.89 meters, and
in the 2nd study group, who received dance and
movement therapy, by 27.5 # 19.44 meters. From the
obtained data, it can be assumed that in first group,
with the application of physiotherapy, the physical
capacity increased more than in the second group,
which applied a dance-movement program (Fig. 2).
Flexibility Assessment (Schober Test). After
calculating the correlations in the first group, it
can be summarized that the visible expression of
the correlation strength is 0.961, which indicates
the existing strong relationship between the
variables and the applied test. The resulting p =
0.00 is less than <0.05, indicating current statistical
significance. After calculating the correlations
in the second group, it can be summarized that
the visible expression of the correlation strength
is 0.925, which indicates the existing strong
relationship between the variables and the applied
test. The resulting p = 0.00 is less than <0.05,
indicating current statistical significance. There
was a statistically significant change in both groups.
From the presented results, we can see that in first
group, who received physiotherapy, the average
flexibility in the bending direction increased by 1.7
* 0.6 centimetres, and in the second group, who
received dance and movement therapy, by 2.4 = 0.4
centimetres. From these data, we can assume that a
greater change in the mean of the flexion direction
between groups was observed in the second group

(Fig. 3).
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Figure 1. Changes in the HAD scale between group I subjects treated with physiotherapy and group II
subjects treated with dance and movement therapy. Statistical significance * p < 0.05
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Figure 2. Changes in 6 — minute walk test scores in group I treated with physiotherapy and in group II
subjects treated with dance and movement therapy. Statistical significance *p < 0.05
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Figure 3. Changes in mean estimates of Schober sample in the direction of bending in groups I (subjects
treated with physiotherapy) and in group II (subjects treated with dance and movement therapy) before and

after therapy. Statistical significance * p < 0.05.

Discussion

Our study showed that dance and movement
therapy significantly improved subjects’ psycho-
emotional state, physical capacity, and flexibility.
A slow bachata dance was chosen for the study.
Many authors choose different dance styles used
in dance and movement therapy and different
dance methodologies: bachata [19], slow dance [20],
graceful dance [21], salsa [22] and freestyle dance
[23]. Dance is part of a socio-psycho-emotional
physical activity program created by Ilse Tutt
in Germany in 1974 [24]. It has emerged among
therapeutic resources as a preventive strategy to
improve quality of life, increase physical activity,

and psycho-emotional status. Dancing in different
countries is based on different cultures, aspects of
music, a game specifically tailored to the capabilities
and needs of individuals. Dance can be performed
while standing, choosing a fast or slow pace,
increasing flexibility, amplitude of joint movements,
and agility [25]. Dance therapy has a direct meaning
in life. It is defined as integration, development, and
existential renovation focused on the expression
and exploration of physical and psycho-emotional
possibilities brought about by music and dance
through group bodily communication exercises
and integrative experiences [26]. Graceful dance,
characterized by the complexity of fun and

9



PEDAGOGY of Physical Culture

and Sports

relaxing dance exercises, is especially popular
with younger people. For this dance mode it is
characteristic that it can be done separately [22].
Dance therapy, according to the American Dance
Therapy Association is the psychotherapeutic use
of movement and dance to support intellectual,
emotional, and motor functions of the body. As a
modality of the creative arts therapies, dance and
moment therapy looks at the correlation between
movement and emotion [27]. This means that dance
therapy is multifaceted and affects the physical and
mental realms [28]. Given the conceptualizations of
each dance nomenclature/methodology presented,
it is understood that they must all be influenced by
the development of physical performance, psycho-
emotional, and social aspects during dance.

Kattenstroth et al. found that cardiovascular and
respiratory system indicators did not show changes
with dance intervention. It should be noted that the
protocol adopted by the authors was used once aweek
[22]. According to Matsudo et al., physical activity
is sufficient to describe an individual as physically
active, requiring at least 150 minutes per week of
at least moderate-intensity physical activity [29].
In contrast, the authors demonstrated significant
attention and response time for physical-motor,
tactile, and postural parameters and cognitive-
sensory parameters involving intelligence.

Our study showed an improvement in the
physical ability of the subjects. Similarly, Berbel
and Silva found that dancing had a positive effect
on mobility, strength, and human coordination [19].
Complementing this idea, Mierzwa et al. showed
a significant improvement in spinal rotation
and body weight transfer strategies during ankle
movements [23]. In addition, the study by Oliveira
et al. participants introduced greater physical mood
and enjoyment by performing movements and
reported less fatigue and greater energy, always
requiring more time to train. This study found an
improvement in laterality, spatial orientation,
and body perception, an improvement in psycho-
emotional state [20]. Also, in our study, the psycho-
emotional state improved significantly in the
dance and movement therapy group. According
to D’Alencar et al. reports revealed an increase in
physical capacity and a feeling that you are still
“strong,” as well as a decrease in complaints and
an improvement in psycho-emotional status.
In addition, D’Alencar et al. noted that physical
progress was associated with strong motivation to
become more active [21]. Berbel and Silva observed
that the decline decreased as balance and skills
emerged in a change in situation, as well as improved
stability [19]. The results of a Mierzwa et al. study
showed a significant improvement in equilibrium
skills and stability thresholds, which correlate with
a strong reduction in fall risk [23]. In the same sense,
Kattenstroth et al. found an improvement in posture
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and an improvement in balance [22].

We also found in our study that there was a
significant improvement in patient flexibility.
Therefore, good evidence of equilibrium, stability,
and reduced risk of falling was observed in the
studies analyzed, which have a positive effect on
the results, considering the individual condition
of each individual. As a larger number of studies
confirm that dance and movement therapy
can provide different benefits for physiological
and psychosocial functioning in people under
stress, appropriate therapy programs need to be
defined in terms of appropriate session structure,
intervention topic, technique, tools, and tactics.
Levine et al. conducted a semi-structured study and
examined key elements of therapy related to patient
individuality [30]. The study concludes that each
session should start with a warm-up, followed by a
main part based on the movement theme expressed
during the warm - up, and end with an oral therapy
to help explain in more detail how the patients felt
during the dance and movement therapy. A dance
movement therapy guide should include music,
dance, and communication so that patients can
master the process of movement and exercises by
seeing themselves in a mirror, including breathing.
Empowerment, confidence, and self-care were also
selected as important aspects of dance movement
therapy that should be developed in the program.
The end of the session focuses on the discussion
of feelings experienced, the connections between
sensations, insights, and change during therapy.
After analyzing the results of the research and
comparing them with other authors, we can state
that dance and movement therapy has all the
benefits for individuals’ physical capacity, flexibility
and psycho-emotional state.

Conclusions
1. After evaluating the results of the study
groups after physiotherapy and dance and

movement therapy, it was found that the psycho-
emotional state according to the HAD scale
improved statistically significantly in both groups

(p <0.05).
2. After evaluating the results of the study
groups after physiotherapy and dance and

movement therapy, it was found that the physical
capacity according to the 6 — minute walk test
improved statistically significantly in both groups

(p <0.05).
3. After evaluating the results of the study
groups after physiotherapy and dance and

movement therapy, it was found that the flexibility
according to the Schober sample in the bending
direction improved statistically significantly (p
<0.05), and in the construction direction it was not
statistically significant.

4, Dance movement therapy has a positive
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effect on psycho-emotional state, flexibility and
physical ability of people experiencing constant
stress. As observed, dance and movement therapy
have a positive effect not only on flexibility or
physical ability, but also on psycho-emotional state.

Practical Recommendations

Dance and movement therapy can be easily
applied among different age population. Because
of severe pandemic situation all over the world the
applied physiotherapy methods must be complexed,
creative, adaptive and flexible. Such physiotherapy
method can be used not just for older people but
different researches are showing that movement
and complex physiotherapy is essential for a
person psychological state, physical and emotional
health. The essential need for person is to be able

independent and to have ability to walk. All this
makes physiotherapy a highly essential tool to
improve person‘s well — being and quality of life.

Limitations

The main limitation of the study is that men were
not included in the study, so the study was conducted
only with women. One man participated in only one
session, after which the study was discontinued due
to discomfort among women. It would be useful to
have a study with both genders.
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Abstract
Background Basic forehand and backhand technical skills are the main requirements that must be mastered in
and Study Aim  playing tennis. Physical condition and intellectual intelligence were found to be the factors that

affect the quality of tennis. On the other hand, limited learning time, and the number of teaching
staff and facilities are classic challenges in the implementation of learning. This study describes the
different effects of massed and distributed exercise, arm strength, and intellectual on the forehand
and backhand skills of sports students.

A quasi-experimental method with two group pretest and posttest design approached the 64
volunteers of male sports students (age 19.3%1.7, BMI 20.17%1.47), who had attended the tennis
course. The sample is divided into 2 groups of Massed Practices (MP) and Distributed Practices
(DP) according to the score of the upper-arm strength and intelligence test. The anthropometrics
were evaluated through digital microtome stature, the arm strength was evaluated with a push-up
test and the kinesthetic perception was confirmed with the intelligence quotient (IQ) test. The
prerequisite test employed Kolmogorov-Smirnov, while Bivariate analysis utilized the Independent
Sample T-test and Paired Sample T-test of the SPSS 20.0 version.

The study showed that MP and DP had different positive contribution values to the tennis drive
(p=0.003, p<0.05), while distributed gave a better contribution to the tennis drive with a significant
value (p=0.001, p<0.05). The high arm muscle strength provides high accuracy in groundstroke
(p=0.003, p<0.05), also for the high score on the intelligence test significantly affect the accuracy of
tennis strokes (p=0.000, p<0.05).

The results showed that there are differences in exercise methods, arm muscle strength, and
intelligence quotient against tennis drive punches.

Material and
Methods

Results

Conclusions

Keywords: massed, distributed, arm strength, intelligence quotient, tennis

punches, while attack punch techniques include
drive, lob, spin, and overhead punches/smashes
[9]. The serve, forehand drive, backhand drive,
and volley are included in the basic techniques of
stroke that must be mastered in tennis [10] through
an appropriate training method [11]. The type of
strokes is divided into groundstrokes, volleys, and
overhead strokes [12]. The groundstroke is a crucial
technique made by swinging a racket to produce a
striking controllable force with high accuracy target,
against a ball that has bounced off from the ground.
The groundstroke can be done through forehand or
backhand style on the side of the body [13], which
is stated in the current study it requires a high level

Introduction

Tennis is one of the most popular racket sports
across ages and genders [1]. It requires the linkage
of bio-motor components including strength, speed,
power, agility, and coordination [2], which is applied
in a short-term and continuous explosive action that
lasts for along match duration [3]. Tennis has similar
characteristics in competition load, intensity, and
duration with other racket games [4], therefore, it
is categorized as a high level of sports competition
[5]. A tennis match can be played individually and
in pairs, and has no time limit, so a four-hour match
is possible [6]. In line with the statement, therefore

high levels of physical, psychological, and technical
efficiency are very crucial [7].

The basic technique of tennis stroke is divided
into two groups of techniques, namely defensive
punch, and attack punch techniques [8]. Defensive
techniques are classified as push or slice and block

© Djoko Nugroho, Mohammad F. Hidayatullah, Muchsin Doewes,
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of footwork coordination and swing accuracy [14].
Forehand strokes are defined as strokes made to the
right of the player for a right-handed hitter, while
Backhand is a stroke made by swinging the racket
from the player’s left [15]. The implementation of
forehand and backhand strokes in court tennis on
groundstroke is carried out in three stages, namely
backswing, forward swing, and follow-through [16].
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The findings of the current study explain that
there is a positive relationship between training
methods based on each individual’s physical,
psychological, and technical abilities towards
improving the forehand and backhand abilities of
beginner athletes [17]. It is understood that the
training model which is based on the characteristics
of each individual, provides better effectiveness.
However, due to the limitation of learning time
provided in 1 meeting session, accompanied by
a large number of students, many obstacles were
found in the learning process. In addition, the
classic problem the form of limited teaching staff
and training facilities, makes students have a long
waiting time in carrying out independent practicum
tasks one by one so that learning outcomes cannot
be obtained optimally. Based on the facts, learning
with effective strategies is needed to develop
backhand and forehand drive skills in students.

Several studies illustrate the existence of
training methods that can be used to improve
tennis skills with limited time, a minimal number
of coaches, and facilities, including Massed practice
(MP) and Distributed Practice (DP). Massed practice
(MP) is known as a method of setting a practical
presentation turn for students in performing
basic technical movements repeatedly without
interspersed with rest periods [18]. Meanwhile,
practice (DP) distributed is a method of practicing
the various form of basic technique movements
learned by providing a break between execution and
rest time to alternate with other training partners
through simultaneous instructions [19]. The study of
movement skills explained that the massed practice
method gave students more advantages in a longer
implementation time to carry out basic technical
exercises continuously. However, differences in
physical conditions, movement skills, and other
individual aspects were found to be obstacles to
achieving learning outcomes. Therefore, another
study concluded that the massed practice method
will get optimal results for groups of students who
have the same quality of physical condition and
skills, but unfortunately are less than optimal for
novice students [20]. The study of motion learning
explains the positive results of distributed practice
implemented in classes that have heterogeneous
physical conditions and abilities, one of the findings
is that the intensity of the exercise starts from low
according to the ability of each student. On the other
hand, several motor learning studies have confirmed
that the implementation of distributed practice
requires a long training time, and it is found that
the results are less effective to be given to classes
that have limited time, trainers, and facilities [21].

Coaches can use a variety of training methods and
approaches to independently improve their tennis
skills. However, the selection of learning methods
should also pay attention to other supporting

aspects such as differences in the characteristics
of physical conditions, skills, and intelligence.
The study of biomechanics explains that there is a
significant effect between the strength of the swing
force produced on the arm and wrist, the speed of the
ball, and the level of accuracy produced [22]. Another
study confirmed that according to the principle of
impulse-momentum, the swing strength of a tennis
racket can be optimally produced by transferring
the force through contraction of the knee joint
on the fulcrum, leg, hip, and shoulder followed by
swinging the arm, and wrist which is carried out
by synchronizing the movement simultaneously
[23]. This illustrates that the strength of the swing
force on the racket is largely determined by several
aspects, one of which is the strength of the hand
muscles.

In line with this explanation, another
study confirmed that a series of simultaneous
coordination movements in running, followed
by hitting the ball firmly toward the desired
target, requires high kinesthetic perception
which is influenced by intellectual intelligence
[24]. Neurophysiology studies explain that the
ability and speed of the brain in understanding
and interpreting stimuli received in the central
nervous system, to be immediately transmitted to
the motor nerves in producing motor movements,
is largely determined by cognitive abilities [25].
Several measuring instruments described in the
literature to determine a person’s level of cognitive
intelligence are through the intelligence quotient
(IQ) test [26]. In line with this opinion, human
movement studies explain the findings of the motor
learning process of basic skills, where students who
have low cognitive levels experience problems in
understanding the basic movement tasks given
[27], so have difficulty displaying the motion tasks
into the form of psychomotor basic movements
optimally [28]. Based on the explanations of several
studies above which confirm that the basic forehand
and backhand movement abilities are determined
by elements of physical condition, biomechanical
motion, and cognitive intelligence [11], hence the
study to identify the difference in influence between
massed and distributed methods in cases of learning
with limited time, trainers and existing facilities
at the Universitas Sebelas Maret is indispensable.
This research aims to investigate the influence
of training methods, arm muscle strength, and
intelligence quotient (IQ) on tennis groundstroke
skills in forehand and backhand of sports students
at Universitas Sebelas Maret Surakarta. The results
of this study are expected to provide additional
literature regarding tennis coaches in schools in
designing and modifying training models to improve
basic technical skills for forehand, and backhand,
including serve and smash.
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Materials and Methods

Participants

This research was conducted at the Faculty of
Sport Science, Universitas Sebelas Maret (UNY)
which is located at Manahan Surakarta. The
population taken in this study were 80 male sports
student volunteers (age 19.3*1.7, BMI 20.17+1.47,
RHR 63.4+8.2bpm), who have attended tennis
lectures, passed the inclusion criteria and had
no injury reports for the exclusion criteria. The
sampling technique used purposive sampling which
was carried out by taking subjects based on arm
strength and intellectual quotient (IQ) score. The
study begins with filled-out research approvals on
anthropometric, health and physiological aspects,
including the absence of cardiovascular risk, then
signed a written consent under Indonesian law
and university policies approved by the University
Research Ethics (Approval Number KE/FK/112/
EC/2021).

Research Design

The samples were categorized into 2
experimental groups namely the Massed Practices
(MP) and Distributed Practice (DP) groups using
ordinal pairing techniques based on the T-score
of the arm muscle strength test and Intellectual
Question test at the pre-test. Subsequently, all
groups performed training drills of forehand and
backhand groundstroke based on a training zone
in moderate intensity at the initial stage, then
increasing to the sub-maximum intensity at the final
intervention according to the training guidelines of
5 minutes x 7-repetitions x 60%-80 % Intensity, with
a rest between sets of 3 minutes and a rest set of 5
minutes repetitively. Upon completing the 6-week
training drills, all groups were given the post-test
intervention of the tennis drive test according to
the Hewitt Tennis test protocol delivered for 3 times
attempts, then the score recorded is the highest.
The initial phase of the study began by providing
the participants with informed consent, and the
Physical Activity Readiness Questionnaire (PAR-Q)
[29], to identify injury recording profiles and
readiness for physical intervention at Sports Court,
followed by the anthropometrical measurements,
such as age, height, weight, and body mass index
(BMI) using a digital microtome stature with an
accuracy of 0.1 mm [30] and the resting pulse rate
was taken under the palpation method in a sitting
position by the Polar-H10 Chest Heart Rate Monitor

The tennis drive as a dependent variable was
measured using the Hewitt Tennis test protocol [31],
while the arm strength as an independent variable
was tested using the 60 seconds Push-up test
protocol [32], and intelligence quotient (IQ) was
conducted using the Intelligent Structure Test (IST)
2000-Revised by a psychological specialist [33]. The
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forehand and backhand drive was conducted 3 times
with 10 ball shots each attempt toward the selected
target area to achieve the scores that have been
determined according to the Hewitt test protocol.
The push-up test was conducted in 60-seconds with
3-times attempts respectively. The IST consists of
nine sub-tests that have a total of 176 question
items. Each sub-test has a different time limit and is
carried out briefly and administered manually [34].
One of the sub-tests that is relevant to a person’s
IQ in tennis is the WU sub-test, which consists of
exercises in the form of blocks, and aims to measure
spatial imagery, three-dimensional, analytical, and
constructive technical abilities.

At the scoring stage, each sub-test is checked
using the answer key provided. For all subtests (SE,
WA, AN, RA, ZR, FA, WU, & ME), except for the 04-
GE subtest, each correct answer will be given a score
of 1, and incorrect answers will be given a score of
0. The provision of different score ranges is given
specifically to the 04-GE sub-test, where several
values are provided including 2, 1, and 0. The total
score will be classified as a Raw Score (RW), then
compared with the norms that have been provided
to produce a Standardized Score (SW), which
will become the standard of interpretation. The
score will be classified as a Raw Score (RW), then
compared with the norms that have been provided
to produce a Standardized Score (SW), which will
become the standard of interpretation. These nine
subtests are interrelated with each other; therefore,
the implementation of the test must be carried out
quickly accompanied by the overall interpretation
of the results.

Statistical Analysis

The data description employed the Statistical
Product and Service Solution (SPSS) program for
Windows, while the prerequisite test was performed
using the Shapiro-Wilk method, homogeneity
of variances. A Three-way ANOVA design with a
2x2x2 factorial design was used to determine the
difference in influence between groups pre-and
post-treatment and to identify which variable has
the greatest impact on the treatment groups. The
data were delivered as mean * of standard deviation
(SD), with a 95% confidence interval and statistical
significance was accepted as p < .05.

Results

The profile of anthropometrical-, health,
nutritional, physiological, as well as psychological
respondents, can be seen in the following results.

The above result (Table 1) concluded that the
respondents are in a healthy and fit state as indicated
in the productive age group (18.27+1.09 yr.), have a
normal level of body mass index (21.45+1.13kg/m?),
were not in fatigue (pulse 65.75%7.35bpm) and had
normal intellectual scale as reported in the normal
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values for (102.8+3.63) and a normal distribution
for muscular strength with (31.8%2.58) respectively.
Simultaneously, a qualitative measurement was
also conducted to obtain characteristics of the
discrimination of arm muscle strength, intelligence
quotient (IQ), and tennis drive including average
grades, standard deviations, minimum values,
maximum values, range of values, and the total
number of acquisitions from measurement test
results of each variable. The descriptive analysis of
expected variables could be seen in the following
table 2.

Theresultsshowed (Table 2) the different values of
the research variables’ mean and standard deviation
with a significance level. The mean of Intelligence
Quotient (IQ) differences in the pretest and post-
test showed a value (r=90.50+13.11,) for Massed
Practices (MP) group, while the group of Distributed
Practice (DP) shows a mean value pretest and post-
test with (r=90.82+12.25), thus could be concluded
that the different value of Intelligence Quotient (IQ)

for both groups in pretest are distributed in a similar
level. In the Arm Strength variables, the MP group
showed a mean value of (r=26.2%4.06), while the DP
group’s mean value was (r=25.85%3.74). It implies
that there is no contrast difference in the mean
value for both groups as shown in the similar value.

On the backhand drive value, the MP group
showed a mean value (r=16.85%+5.74), while the DP
group had a mean of pretest and post-test value
(r=16.17£2.49). Thus, it explains a significant
difference in mean value both in the pretest and
posttest for both groups have no significantly
different value. For the Forehand drive, the MP group
had a mean value of (r=13.85*1.21), while the DP
group had a mean value (r=15317+1.91). It indicates
that both groups have no significantly different mean
of value in the pretest and posttest for forehand
drive. In addition, Prerequisite calculations were
also carried out in this study to identify whether
the data were normally distributed. The following
are the results of the normality calculation for

Table 1. Characteristics of Age, BMI, Resting Heart Rate, IQ, and Strength

. Massed (MP) Distributed (DP)
Variable n
Mean=SD Mean=SD
Age (years) 64 18.23%1.17 18.31+1.02
BMI (kg/m?) 64 21.12%1.56 21.78+1.25
Resting Heart Rate (pulse/minute) 64 63.4%+8.2 68.1£6.4
Intellectual Scale (Score) 64 102.18+3.43 103.23+3.84
Arm Strength 64 31.37%2.32 32.23+2.84
MP - Massed Practices group; DP - Distributed Practice group
Table 2. Profile of Arm Strength, IQ, and Tennis Drive.
Variable Groups Number (n) Mean*SD
MP Posttest " 92.83%12.51
. ) MP Pretest 88.17£13.71
Intelligence Quotient (IQ)
DP Posttest 64 91.71+11.98
DP Pretest 89.93+12.52
MP Pretest o4 29.8%4.40
MP Posttest 22.5+3.73
Arm Strength ostLes
DP Pretest " 28.6%4.17
DP Posttest 23.1%£3.32
MP Pretest o4 21.63£3.97
. MP Posttest 12.27%6.26
Backhand Drive
DP Pretest o4 20.89+3.35
DP Posttest 13.52%5.98
MP Pretest o4 21.73%4.38
MP Pretest 11.98+5.76
Forehand Drive
DP Posttest " 20.98%4.61
DP Posttest 12.27£5.15

MP - Massed Practices group; DP - Distributed Practice group
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hypothesis testing using the Kolmogorov—-Smirnov
7 (KS-Z) test with a significance level of a=0.05 as
follows (Table 3).

Based on the results of the normality test
(Table 3) using the Kolmogorov-Smirnov Z (KS-Z)
test can be concluded that the variables including
the arm muscle strength, intelligence quotient
(IQ), and forehand dan backhand drive are shown
in the normal distribution indicating the value
greater than 0.05 (p >0.05). Thus, the sample and
variables in this study were indicated as a normally
distributed population. The Paired Sample T-test
was conducted to identify the different values of a
variable before and after manipulation in the groups
as well as to examine the different values between
the two research groups. The result can be seen in
the following table 4.

Table 4 shows the statistical calculation of

2x2x2 factorial on variable arm muscle strength,
Intelligence quotient (IQ) on forehand and
backhand abilities. In general, it can be found that
there are differences in the degree of significance of
the Arm Strength, Intelligence quotient (IQ) profile
on the Forehand and Backhand abilities in both the
Massed Practice (MP) and Distributed Practice (DP)
groups. The results in the MP group in the sample
with low arm strength and IQ showed low forehand
results with a significance value of p =0.017. Similar
results were also shown in the MP group in the
sample with high arm strength and IQ, showing also
high forehand results with a significance of p=0001.
Furthermore, the MP group in the sample with high
arm strength and low IQ showed low forehand skills
with a significance of p=0.007. Meanwhile, students
with high arm strength, however, have a low scale
1Q, and showed forehand skills on a moderate scale,

Table 3. The Normality of Forehand, Backhand drive, arm strength, and Intelligence Quotient (I1Q)

Variable Groups Number (n) Significance (p>0.05)
MP Pretest
64 0.556
DP Pretest
Forehand Drive
MP Posttest
64 0.917
MP Posttest
MP Pretest
64 1.207
DP Pretest
Backhand Drive
MP Posttest
64 0.109
MP Posttest
MP Pretest
64 0.009
DP Pretest
Push-Up
MP Posttest
64 0.671
MP Posttest
MP Pretest
64 0.062
. . DP Pretest
Intelligence Quotient (IQ)
MP Posttest
64 0.724
MP Posttest
*Significance (p >0.05)
Table 4. Paired T-Test
Variables Group Arm Strength (0] Tennis Skill Significance (p<0.05)
MP Low Low Low 0.017
MP High High High 0.001
Forehand .
MP Low High Low 0.007
MP High Low Moderate 0.001
DP Low Low Low 0.024
DP High High High 0.001
Backhand § .g 8
DP Low High Low 0.002
DP High Low Low 0.001

Significance (p<0.05)
18
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with a significance of 0.001. In addition, in the DP
group, it was also seen that the sample with low
strength and IQ was found to have low backhand
skills with a significance of 0.024. The same pattern
was also shown in the group of students with
high arm strength and IQ, confirmed to have high
backhand skill with a significance of 0.001. In the
case of the group of students with low strength and
high IQ, it was found to have low backhand skill
with a significance of 0.002, as well as students with
low strength and high IQ, were proven to have low
backhand with a significance of 0.001.

Based on the statistical calculations above, it
can be concluded that there are scientific evidence
findings regarding differences in the strength of
influence and the correlation between arm muscle
strength, and intelligence quotient on forehand
and backhand groundstroke abilities in the exercise
group using the Massed Practice and Distributed
Practice Group methods. The calculation of the
significance value shows that high arm strength and
intelligence quotient give significantly better results
for forehand skills, compared to the group that has
hand strength and low intelligence quotient in both
study groups of Massed Practice and Distributed
Practice. However, it can also be recommended that
the results of this study can be generalized to groups
of samples in the population with different numbers
to obtain additional new data.

Discussion

Theresultsshowed thatarmstrength significantly
influences the accuracy of groundstroke drive in
tennis. The result is also strengthened by a similar
study that states there is a significant contribution
of the differences in training methods, and arm
muscle strength towards the groundstroke ability
in tennis drive. Similar finding is also stated by the
current study that describes arm muscle strength as
known to be an important factor to obtain optimal
propulsion when making strokes in court tennis
[1]. The study on Human Kinetics explained that
greater arm muscle strength produces a strong hit
with a high ball speed, the effect of the ball’s gravity
becomes low, and hence the ball is more controlled
to be directed at the desired target [4]. In line with
the findings, the effect of arm strength on force
production was also explained in a biomechanical
study which confirmed a positive correlation
between a high level of arm strength on providing
greater racket swing force [35], shortening the
braking force of the ball while contact with the
strings, thus produce in a greater ball bounce effect
with a faster ball velocity [13]. It is expressed by the
strength and conditioning study confirms that a
high arm strength level provides a stable handgrip
and stronger swing force on the racket [36], hence
producing better racket control in both attacking
and defending a position [21].

On the other hand, the findings of this study
which state that there is no relationship between IQ
scores of sports students on forehand and backhand
skills are interesting to study further. These findings
are debilitating neuro-cognitive studies that stated
the existence of a positive influence between the
level of intelligence on tennis skills. It is stated that
intellectual intelligence has a prominent influence
on the psychomotor intelligence of athletes [37].
Cognitive intelligence plays a role in the process of
understanding and interpreting stimuli captured by
the central nervous system [38], activating motor
sensors, and executing movements as a reaction
to stimuli with high coordination movements [39].
In this regard, neurophysiological findings also
confirm that team sports athletes with high 1Qs tend
to have good basic sports movement skills [40], and
have a better quality of movement coordination in
performing complex sports skill movements. It is
highlighted by the motor learning study that the
intelligence of students both during practice and
competing proves to have a significant impact as
a performance-determining factor for students in
displaying a high level of movement skills [41].

Similar study confirmed that arm power can
be significantly improved through the direct
groundstroke drill that involves an arm muscle
contraction in both directions of forehand
and backhand alternately in the proper dose
continuously [42]. Human motion study illustrated
that a forehand drive movement skill in tennis
is anatomically also influenced by antagonist
muscle including a backhand motion that involves
a posterior extension and abduction movement
[43]. Consequently, it is required to implement
an agonist and antagonist training method that
continues to activate intramuscular coordination in
both massed and distributed methods [44]. In line
with the findings, the groundstroke skill is necessary
for further review in the perception of the training
methods, arm strength profile, and intelligence
quotient that is assumed to be one of the scientific
breakthroughs in training to improve the ability of
tennis skill effectively and efficiently.

The study findings that explained there was no
significant effect between intellectual intelligence
on forehand and backhand abilities in this study,
it was assumed that due to the limitations of
the dependent variable, which only involved an
intelligence test (IQ), contrarily does not involve
other variables such as the Emotional Intelligence
test (EQ). This opinion is based on growth and
development studies which explain that intellectual
intelligence has a significant reciprocal relationship
to psychomotor abilities, and has a dominant
role in forming mental attitudes, concentration,
and focus when displaying motor skills [45]. The
sports psychology study also explains that sports
movement skills are not only influenced by IQ but
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also positively correlated to emotional intelligence
[46]. Since tennis skills are affected by other
variables including psychological domains that
were not included in this study [47], it can be said
that the measurement of tennis skills that only
involves intellectual intelligence in this study is
assumed not significantly correlated. This opinion
is reinforced by the recent finding, which reveals
that students with good IQ, supported with EQ and
optimal muscle strength, have better groundstroke
abilities [48].

The differences effect of exercise methods, arm
strength,andIQagainsttennisdrive,however,require
further scientific study. Another research expresses
that traditional training drills improve the accuracy
and stability more significantly of adolescent
tennis players’ strokes [49], meanwhile, the effect
of machine-assisted training drills improves the
stability of backspin strokes more significantly
than topspin strokes [50]. It is strengthened by a
current study that found significant differences
in the groundstroke forehand ability between the
drill training model employing a machine and a
feeder [51]. In terms of the biomechanical aspects,
a study shows a significant difference that athletes
who use the foot position in a close stance provide
better hitting accuracy and control compared with
an open stance position during the groundstroke
forehand driver [52]. This biomechanical approach
can be used as a reference for learning basic stroke
techniques by involving other bio-motor aspects,
besides distributing proper methods of training
according to the athlete’s characteristics.

In the implementation of tennis training, it is
necessary to pay attention to supporting factors
such as the type of training method that is suitable
for the athlete’s characteristics, physical condition
profile [53], and basic skills to be able to provide
training loads according to abilities.

Determination of the right training method,
cannot be separated from a series of learning
processes or training processes that have been
carried out in the form of special exercises, then
gradually increased according to the development of
the athlete’s ability. The achievement of the quality
of motion in groundstroke skills is influenced by
several factors, namely basic movement abilities,
exercises that have been experienced, a training
environment with conducive feedback, and
responsive trainers packaged with repetition of
exercises and strengthening techniques [54]. In
essence, groundstroke skills can only be learned
or trained with certain requirements, including
practicing these skills continuously for a certain
sufficient period. This means that mastering tennis
skills certainly takes time in practice and must
be done continuously and systematically. One of
the novelties and uniqueness of this study is that
there is no correlation between IQ on forehand
and backhand groundstroke abilities, while several
studies explain that IQ is one of the determinants of
the success of groundstroke skills. This difference in
findings certainly cannot be generalized, therefore
research involving more comprehensive samples
and variables is needed to find out whether there
are new findings related to the relationship between
these variables and the tennis groundstroke ability
of sports students.

Conclusions

The results of this study can be concluded that
there is a correlation between exercise methods and
arm muscle strength, but there is no correlation with
intelligence quotient against tennis drive punches.
But in this study, it is necessary to further identify
the quality of physical condition, and the psychology
of students to determine the achievement of court
tennis according to the characteristics of the gender.
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Abstract

Background
and Study Aim

Material and
Methods

Results

Conclusions

Cerebral palsy is a broad term for a variety of non-progressive, resulting in physical impairment,
movement dysfunction, and poor posture. The purpose of the study was to compare the effectiveness
in the Halliwick aquatic exercise versus conventional land-based therapy on gross motor function
of children aged from 3 to 5 years with spastic cerebral palsy.

In this randomized controlled trial, (n=34) children diagnosed with spastic Cerebral palsy were
randomly assigned into either the Halliwick concept group (n=17) or active control (conventional
exercising group) (n=17). A physiotherapist performed the sessions with participants three times
a week, 45 minutes duration over 12 weeks. An independent pediatric rehabilitation specialist
assessed the children’s gross motor function using the gross motor function measures (sitting,
crawling and kneeling, standing, walking, running, and jumping).

After the intervention, both Halliwick concept group and conventional exercising group
significantly improved activities of sitting, crawling & kneeling, standing and walking, running
and jumping. Besides, the estimate of the effect of the Halliwick exercises on sitting, standing and
walking, running & jumping activities was more clinically significant than conventional exercises,
with sitting; MD = -0.06 [95%, CI; -0.19 to 0.32], standing; MD = 0.14 [95%, CI; -0.15-0.31], and
walking, running & jumping activities; MD = -0.09 [95%, CI; -0.11 to 0.20]. None of the between-
group differences for any remaining outcomes was significant.

Aquatic exercises based on the Halliwick concept are better than conventional exercises to improve
sitting, standing and walking, running and jumping activities in children aged 3 to 5 years with

spastic cerebral palsy.

Keywords:

Halliwick concept, conventional exercises, spastic cerebral palsy, aquatic exercises, walking

Introduction

Cerebral palsy (CP) is a diverse group of non-
progressive, early-onset neuromotor disorders that
impair the fetal or infant brain, resulting in physical
disability, movement dysfunction, and poor posture
[1]. The overall prevalence of CP is 2.11 per 1000
live births, rising to 111.80 per 1000 live births in
children born before the 28th week of gestation [2].
The prevalence of CP varies by country, with Africa
having the highest rates (2-10 cases per 100 births)
[3].

Poor gross and fine motor function, abnormal
motor control, muscle tone abnormalities, which
may lead to lower joint range of motion, reduced
muscle flexibility, and limited activities of daily
living (ADL) such as walking, feeding, and dressing
are all musculoskeletal symptoms of CP [4]. As a
consequence, the child with CP can experience
limitations on social integration, participation
in activities, and reduced quality of life [5]. It is a
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dynamic disability that can be affected by regular
physical exercises [6]. However, children with CP
have limited ability to exercise due to the motor
impairments associated with it [7]. Various forms
of exercise therapy for CP exist in the literature,
such as strengthening, stretching, balance training,
and functional task oriented training [8]. Most of
these exercises are land-based exercises which have
been shown to improve gross motor function in
children with CP [9, 10]. Despite the effectiveness
of these exercises, there are certain environmental
and psychological barriers to their use, such as
discomfort, a lack of energy, and concern about an
increased risk of injury [11].

Aquatic-based exercises are one of the most
popular supplementary treatments for children
with neuromotor impairments, particularly CP
[12]. Aquatic exercises provide a safe and low-
impact substitute for land-based workouts [9].
The Halliwick concept [13, 14, 15] is a task-based
approach for aquatic exercises. Exercises following
the Halliwick concept focus on restoring postural
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control, reducing muscle stiffness and facilitating
the movements using active and passive movements
to achieve performance goals on the ground [16,
17]. According to the Halliwick idea, patients first
learn how to balance in a stable posture before
learning how to balance while traveling through the
water in an unstable position [18, 19]. The idea has
been shown to improve motor function in children
with CP, although the evidence supporting this
claim is poor and primarily based on observational
studies [20, 21, 22, 23]. In recent years, parallel
therapeutic approaches are gaining ground, which
in combination with physiotherapy treatment
contribute to the increase of therapeutic results
in early and post-intervention for children with
cerebral palsy. Therefore, the purpose of the study
was to compare the effectiveness of the Halliwick
aquatic exercise versus conventional land-based
therapy on gross motor function of children aged 3
to 5 years of age with spastic cerebral palsy.

Material and Methods

Participants

The study was conducted in an outpatient
physical therapy clinic of a University Hospital
in Giza, Egypt, from June 2021 to October 2021.
Participants were recruited from three hospitals in
Cairo, Egypt (National institute of neuromuscular
disorders, October 6 University hospital and Al-
Hosary hospital).

Participants must exhibit the following characters
to be considered for inclusion: diagnosed with
spastic cerebral palsy (SCP) according to worldwide
CP diagnosis guidelines [24], have spasticity of grade
two or less on the modified Ashworth scale [25],
were between the ages of three and five years and
able to understand and follow commands. Exclusion
criteria were:

1) use of oral antispastic medication or botulinum
toxin injections.

2) surgery performed less than 90 days before
enrollment.

3) severe visual or auditory impairment.

4) uncontrollable epilepsy (defined as the
occurrence of seizures despite the use of at least
one antiepileptic drug).

5) children with severe psychosocial or behavioral
problems, such as high aggression or risk of self-
harm cognitive disorders during the pediatric
evaluation of disability inventory.

6) presence of open wounds, active infection, or
severe cardiopulmonary issues that prevent the
practice of exercises.

Ethical Approval and Informed Consent

Ethics committee of faculty of physical therapy,
Kafr ElSheikh University approved the study
protocol and issues approval code P.P/WH/3/2021/9.
The protocol for this study was registered under the

number NCT05094921 at clinicaltrials.gov registry
platform. Parents of the participating children gave
their informed consent.

Research Design

In this randomized controlled trial eligible
participants (n=34) were randomly assigned
into either the Halliwick concept group (HCG,
n=17) or active control (conventional exercising
group) (CEG, n=17) using a computer-generated
randomization list, which was maintained in sealed
numbered envelopes to maintain anonymity (Figure

1). A single physiotherapist performed the
sessions with each participant individually for
all sessions over the 12 weeks. The 45-minute
sessions were conducted three times a week on

non-consecutive days.

Conventional exercises aimed to improve motor
function based on different approaches:

1) use of neuro-developmental techniques aiming
to improve the pattern of normal movement
through muscle tone normalization, inhibition
of abnormal reflexes, and facilitation of normal
postural response.

2) Back and abdominal exercises to improve
postural control and correct spinal deformities.

3) Postural response improvement  using
facilitation of righting, balance, and protective
reactions from sitting on a roll and ball, and
standing on balance board by tilting the child
in different directions forward, backward, and
sideways.

4) Flexibility exercises for Achilles tendon,
hamstrings, hip flexors, and hip adductors
elasticity.

5) Strengthening exercise for knee extensors, hip
abductors, and ankle dorsiflexion muscles using
graduated active exercise.

6) Functional exercises to improve standing,
weight transfer, shift, and facilitation of normal
walking patterns.

The Halliwick exercises were based on the
10-point program of the Halliwick Concept [13, 14,
15, 16] (Table 1). An experienced aquatic therapist
certified by International Aquatic Therapy Faculty
(IATF) supervised the exercises which included
water adjustment skills, longitudinal rotations,
sagittal rotations, and swimming skills. The therapist
instructed the child to perform the exercises properly
while ensuring the child’s safety by using floatation
devices, body boards, or float belts when necessary.
Water exercises were performed on a heated pool
equipped with ramps, chair lifts, stairs, and handrails
to facilitate a child’s ability to access the pool. The 30-
min session comprised a 5-min warm-up, followed
by a 20-min session based on the Halliwick Concept
[14, 15, 21] and ended with a 5-min cooldown period.
During the warm-up period of the first session the
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Figure 1. Study Flow Diagram

child received water orientation to get used to the
water. In the subsequent sessions, the warm up
consisted of a quick recap of the previous session,
before moving on to the next point in the program.
The cool-down period consisted of free play such as
splashing and jumping in the water as well as diving

down under the water [21].

An experienced pediatric physician observed
all participants for adverse reactions such as
seizures, nausea, behavioral changes, or severe
discomfort. At the end of each treatment session,
the children and/or their caregivers in the SG
were consulted about potential side effects.

Outcome measurements

An independent pediatric rehabilitation
specialist assessed the child’s gross motor
function. The evaluator was blinded to

26

Analysed (n=17)
 Excluded from analysis (give reasons)
(n=0)

participants’ allocation and did not participate
in the treatment of the patients. The gross
motor function measure (GMFM) test included
88 items that evaluated five dimensions. All
items in lying and rolling, sitting, crawling and
kneeling was performed on a mat. All items in
(5) standing, walking, running and jumping were
performed on the floor [26]. Scoring of each item
was determined according to a study by Ko and
Kim [27] (i.e., 0 = no initiation; 1 = task initiation
<10%; 2 = complete the task partially 10% <
100%; or 3= task completion).

Statistical analysis

We employed descriptive methods to
summarize the data, mean (SD) for continuous
data and frequency (percentage) for categorical
data. Data were screened by conducting Shapiro-
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Table 1. Detailed description of the Halliwick concept points of progression [13, 21].

Points

Description

Point 1 - Mental adjustment

The stage in which the swimmer learns to be in the water with sufficient
confidence to experience water positively. The process includes learning to blow
out or hum when the mouth or nose comes in contact with the water.

Point 2 - Disengagement

The process allows the swimmers further develop their confidence and which
allows them to start exploring the environment, moving away from the poolside,
pool floor or the support of the therapist.

Point 3 - Transversal rotation
control

Development of the ability to control rotation around a transversal axis. For
example, the sequence of floating on the back to reaching a vertical position in
the water, pivoting around an axis which passes through both hips.

Point 4 - Sagittal rotation control

Development of the ability to control rotation around a sagittal axis. For
example, remaining vertical when reaching for an object placed to the side of
the body and preventing pivoting around an axis perpendicular to the frontal
plane of the body.

Point 5 - Longitudinal rotation
control

Development of the ability to control rotational movements taking place
around a longitudinal axis. For example, preventing the rotation to the right
side generated when turning the head to the right while floating horizontally
on the back. In this example, the person is preventing rotation around an axis
perpendicular to a transversal plane.

Point 6 - Combined rotation
control

Process for controlling any combinations of the above described rotations.

At this point, the swimmer initiates or prevents several rotations at once. For
example, moving forward from a vertical position to achieve a position floating
on the back.

Point 7 - Up-thrust

Process by which the swimmer learns that the water can help him or her to stay
at the surface. Having this experience increases the swimmer’s confidence to
cope with less or no support.

Point 8 - Balance in stillness

Development of the ability to respond in a controlled way when unsupported in
the water and balance is challenged.

Point 9 - Turbulent gliding

Development of the ability to move through water with no direct support from
the instructor and without making propulsive movements. For example, in a
back float, the swimmer’s body is in motion thanks to the turbulence generated
by the instructor’s hands and/ or body. This helps the swimmer to maintain
balance in stillness while experiencing increasing forces disturbing the position
of his body in the water.

Point 10 - Simple progression or
basic swimming strokes

Development of the ability to use simple movements to create propulsion; for
example, clapping the hands on the thighs when in a back float to propel the
body through the water. From the use of simple movements, more sophisticated
swimming movements or strokes can be learned.

Wilks normality tests as a pre-requisite for
parametric analysis. As all variables were not
normally distributed, nonparametric tests were

used.

For the GMFM before and after therapy, a
mixed design multivariate analysis of variance
(MANOVA) was used to compare the two groups.
The a level was set at 0.05 to determine statistical
significance. Stata for Windows, version 11 was
used for statistical analysis (StataCorp, LLC).

Results

Both groups showed statistically significant
improvements on all items of the gross motor
function measure except total GMFM scores of the
conventional exercising groups when the baseline
score compared with the end line (p<0.05; Table 3).
Before the intervention, no significant difference in
any of the measures was observed between the two
groups (p > 0.05). Whereas, after the intervention,
the estimate of the effect of the Halliwick exercises
on sitting, standing and walking, running &
jumping activities was more clinically significant
than conventional exercises, with sitting; MD =

Thirty-four children aged between 3 to 5 years
with cerebral palsy fulfilled the eligibility criteria.
The age, weight, height and sex distribution of the
participants did not significantly differ between
groups (p > 0.05; Table 2), so the groups were well-
matched at the entry-level.

-0.06 [95%, CI, -0.19-0.32], p<0.045, standing; MD
= 0.14 [95%, CI-0.15-0.31], p<0.017 and walking,
running & jumping activities; MD = -0.09 [95%,
CI-0.11-0.20], p < 0.008. None of the between-
group differences for any remaining outcomes was
statistically significant (p>0.05; Table 3).
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Table 2. Baseline characteristics of participants from both groups.

HCG CEG
Values p-value
Mean=SD Frequency (%) Mean+SD Frequency (%)
Female 12 (70.6) 10 (58.8)
Male 5(29.4) 7 (41.2)
Age (years) 4.62 £0.41 4.51%0.40 0.434
Height (cm) 102.14% 2.93 101.82 £3.90 0.589
Weight (Kg) 16.24 £0.71 16.05 + 0.66 0.211
Cerebral Palsy Subtype
Diplegia 6 (35.3) 9 (53)
Hemiplegia 11 (64.7) 8 (47)

HCG= Halliwick concept group, Conventional exercise group (CEG), SD= Standard deviation

Table 3. Mean #SD the five GMFM dimensions before and after treatment in both groups

Variables HeG CEG MD, 95%,CI p-value
Mean *SD Mean +SD

Sitting

Pre-test 0.35+0.30 0.41 +0.32 -0.06 [-0.27-0.16] 0.587

Post-test 0.63+0.36 0.64%0.33 -0.01[-0.25-0.23] 0.045*

MD -0.28 -0.23

p-value 0.010* 0.024*

Crawling and kneeling

Pre-test 0.29+0.29 0.25 #0.27 -0.04 [-0.15-0.24] 0.902

Post-test 0.52+0.37 0.46%0.36 -0.06 [-0.19-0.32] 0.660

MD -0.23 -0.21

p-value 0.020* 0.004*

Standing

Pre-test 0.13%0.27 0.04 £0.06 -0.09[-0.14-0.23] 0.624

Post-test 0.39£0.34 0.25%0.26 0.14[-0.15-0.31] 0.017*

MD -0.26 -0.22

p-value 0.039* 0.003*

Walking, jumping, running

Pre-test 0.07+0.19 0.01 #0.03 -0.06 [-0.14-0.15] 0.280

Post-test 0.14#0.21 0.05+0.07 -0.09[-0.11-0.20] 0.008*

MD -0.08 -0.04

p-value 0.023* 0.026*

Total GMFM

Pre-test 0.19%0.15 0.18 #0.11 -0.11[-0.08-0.10] 0.807

Post-test 0.29%0.22 0.22%0.11 -0.07 [-0.14-0.19] 0.221

MD -0.011 -0.04

p-value 0.035* 0.205

*Significant at 95% Confidence interval, CI= Confidence interval, SD=standard deviation; MD, mean
difference, p < 0.05, HCG= Halliwick concept group, Conventional exercise group (CEG)
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Discussion

This study aimed to compare the effectiveness
of the Halliwick aquatic exercise with conventional
land-based therapy on gross motor function
of children aged from 3 to 5 years with spastic
cerebral palsy. We found that both Halliwick aquatic
exercises and conventional exercises significantly
improved activities of sitting, crawling and
kneeling, standing, walking, running and jumping.
Besides, there is evidence of a beneficial effect of
the Hallwick aquatic method on sitting, standing,
walking, running & jumping activities compared to
conventional exercises.

Few studies had examined the effectiveness of
aquatic therapies for patients with CP providing
limited and weak evidence [28]. The reported
evidence reveals that the Halliwick concept
improves basic movement skills like sitting, walking,
running, jumping, kneeling, crawling, etc. This
finding is in agreement with our study regardless
of age. A beneficial effect of the Hallwick aquatic
method on sitting, walking, running & jumping
activities compared to conventional exercises might
be attributed to the fact that children engaged
in aquatic activities using the Halliwick Concept
learn on their own and, they always work at one
to one with a personal instructor who knows when
and how to progress [22]. Besides, the Halliwick
concept teaches independence allowing the child
to move and swim without the help of others,
which contributes to improving self-esteem and
self-awareness [29]. Children may see the activity
on water as a recreational or sporting activity,
increasing adherence to the program [22].

Furthermore, the Halliwick concept focuses
on trunk rotation and core stabilization that may
provide changes in trunk control which enhances
the majority of the fundamental movement skills
mentioned above [29]. Such changes may be
mediated by plastic changes at the motor cortex
or elsewhere in the motor system. Moreover,
people performing aquatic exercises are exposed
to the thermal and mechanical effects of the water,
influencing various body systems [23, 30]. While the
thermal properties help with pain and spasticity,
the mechanical properties of the water decrease
the gravity effect and joint loading, providing
postural support and resistance, contributing to
increasing muscular strength [23]. In addition, the
water viscosity prevents the individual from falling

immediately during the exercises, allowing them to
experience a movement pattern with a temporary
displacement of the center of gravity outside the
base of support without the fear of falling [31]. This
mechanism aid in the explanation of the effects of
the Halliwick aquatic exercises on sitting, walking,
running & jumping activities because a stable
trunk is a requirement to perform these activities
properly [32], which may facilitate the initiation of
movements that are restricted on land exercises.

This study provides a rationale for why those
in the Halliwick group, who had trunk and core
stabilization training underwater, experienced
more improvements in sitting, walking, running &
jumping activities than those in the conventional
exercise group, who had no such training. Although
the Halliwick concept is based on rotational
movements, balance and floating activities, the
carry-over effects to land activities are higher than
other aquatic exercises that mimic land-based
exercises [21].

This study was performed in an outpatient
university hospital. Thus, the results of this study
should be generalizable to groups of patients with
similar characteristics (i.e., patients with spastic
cerebral palsy without any severe psychosocial or
behavioral problems, such as high aggression or risk
of self-harm). The implementation of a well-defined
age-appropriate Halliwick Concept for 3 to 5 years
old children with spastic cerebral palsy is the main
strength of this study. Also, we hope that aquatic
therapists with appropriate training would be able
to perform this intervention similarly for other age
groups or populations. Besides, our study has no
follow-up assessments, due to that, we were unable
to evaluate retention of the effects in the medium
or long term.

Conclusions

This study provides evidence that aquatic
exercises based on the Halliwick concept are better
than conventional exercises to improve sitting,
standing and walking, running & jumping activities
in children aged from 3 to 5 years with spastic
cerebral palsy.
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Abstract

Background Musculoskeletal disorders (MSD) are incredibly common and are often related to work load. For

and Study Aim  any occupational or public health intervention, injury prevention is preferred to injury treatment.
Occupational health and injury prevention research has the potential to help mitigate MSD in the
workplace. The aim of this study was to determine how the work demands of ski instructors may
affect the health of their musculoskeletal system.

Material and A cross-sectional study involved the participation of 87 ski instructors (age = 34.61 £10.67) in Bosnia

Methods and Herzegovina (ATUS in Bosnia and Herzegovina). Observed variables were the prevalence of
MSD measured using a modified Nordic questionnaire about injuries during the previous ski season
(neck, shoulders, elbows, wrist, upper back, lower back, one or both hips, one or both knees, and
ankle). Means and standard deviations for each of the variables were calculated, and differences
between genders were examined using an independent sample t-test.

Results Prevalence of MSDs in ski instructors was most common in neck (13.8%), shoulders (12.6%), elbows
(4.6%), wrist (9.2%), upper back (10.3%), lower back (46.0%), one or both hips (9.2%), one or both
knees (29.9%), and ankle (9.2%). The results showed statistically significant differences in MSD
between genders in the neck (p=.034); shoulders (p=.017); upper back (p=.027); one or both knees
(p=.003) and in the ankle joint (p=.011).

Conclusions MSD’s are common in ski instructors, especially in the low back and knees of female employees.
Future research or injury prevention programs would benefit these populations.

Keywords: skiing, injuries, health issues, musculoskeletal disorders, occupation, kinesiology

Introduction knowledge from the field of kinesiology and adapts

Injury prevention and safety is a core tenant of
public health programs, especially in occupational
contexts. Every work activity carries a certain
degree of load and stress, which can be physical,
mental, or emotional. The process of teaching and
motor learning in kinesiology presents the teacher
with the above-mentioned components of stress.
The level of the teacher’s workload is influenced
by several factors, such as the complexity of the
movement, the demonstration and explanation of
the movement, the level of knowledge required,
motivation, number of students, as well as the
working environment in which the learning process
takes place. Skiing is a very specific and demanding
movement activity, which places significant
physical and mental demands on the instructors.
The process of ski instruction is composed of
motor learning principles and hands on work by
the teacher. Kinesiology as a science applies to the
understanding of both facets of workload in the
workplace and the optimization of motor learning.
Kinesiology of work is part of general kinesiology,
i.e. the science of movement, which integrates all

© Denis Causevi¢, Erol Kovacevi¢, Semir Masi¢, Sinisa Kovac,
Seth Spicer, 2023
doi:10.15561/26649837.2023.0104
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it to the specifics of different workplaces. The basic
goal of occupational kinesiology is to contribute,
as part of a multidisciplinary approach, to the
preservation and the improvement of human health
in the work process [1].

Considering the very specific working conditions
of ski instructors, experience has shown that they, as
well as other workers with increased physical loads,
experience musculoskeletal disorders accompanied
by painful conditions and a decrease in work ability.
In the research conducted by Roberts [2] on ski
instructors, the results showed that they have poor
stabilityofthelumbarspine,knees,and shoulders.The
author further stated that there are other potential
factors that contribute to occupational injuries, such
as the impact of mild hypoglycemia and dehydration
on measures of psychomotor alertness. These
included cognition, attention, and motor reaction
time. The causes of musculoskeletal disorders and
the occurrence of pain are multifactorial, from
which endogenous-genetic and exogenous factors
of external influence can be distinguished. For this
study, exogenous factors are particularly interesting
due to the unique nature of the burden of daily work
activities involving ski instructors. It is possible to
talk about the causes of musculoskeletal disorders
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from the aspect of quantity and quality of postural
movement habits.

The quantity of work refers to the weight of
the load that the worker handles, the number of
repetitions of a work task, the speed at which the
worker works, the amplitude of movement and the
time of holding a certain position of the body, which
can be the cause of some form of injury and pain [3].
The quantity of work refers to the total mechanical
load of the musculoskeletal system due to performing
work activities or taking irregular positions. From
the position of a ski instructor, there is certainly
the time spent on skis, the number of repetitions
of movements such as bending down and/or lifting
clients, time spent sitting on the lift, climatic
conditions such as exposure to low temperatures,
the hardness of the surface, and the choice of ski
equipment. Ski instructors and patrollers are most
exposed to the risk of injury and have one of the
highest classifications of occupational injury rates
of all industry sectors [2]. Their increased risk of
injury, compared to other participants in winter
sports, may be due to more hours and days spent
on the track during the season [4]. Haddock [5]
states that all factors that contribute to injuries
should be considered, such as equipment (design,
development and care), environment (weather,
terrain, snow conditions), and people (attributes,
attitudes, skills). Because occupational kinesiology
is arelatively young scientific discipline, there is not
much research that has determined the professional
load or the frequency of musculoskeletal disorders
among skiing instructors. The main goal of this
study is to determine the prevalence of symptoms
of musculoskeletal disorders among ski instructors.
The intent of this study is to determine how the
work demands of ski instructors may affect the
health of their musculoskeletal system. Considering
the impressive demands on ski instructors, insights
gained from this study may elucidate possible target
areas for future workplace injury preventative
programs.

Material and Methods

Participants

A total of 145 mailing addresses of ski instructors
who are members of the association in BiH were
collected, and the results of 87 ski instructors (age
= 34.61 *10.67) were included in this research.
Because this study did not take into account how
acute trauma and the consequences of acute trauma
affect the health of ski instructors, the processing
and interpretation of data did not include subjects
who declared that they were injured in a skiing or
other accident.

Ethical considerations. Participation in the study
was voluntary and anonymous. Participants were
provided informed consent.

Study design

A cross-sectional study was conducted. The
mailing list of ski instructors in Bosnia and
Herzegovina (ATUS in Bosnia and Herzegovina)
was obtained from the Management of ATUS. The
main instrument in this study was the modified
Nordic questionnaire. The respondents were asked
the following: Have you at any time during the last
ski season had trouble (neck, shoulders, elbows,
wrist, upper back, lower back, one or both hips,
one or both knees, and ankle) (Yes, No). Data were
collected in 2022. An online survey with a cover
letter was developed. The cover letter fully explained
the purpose of the study and asked for voluntary
participation. A survey questionnaire was used on
the representation of symptoms of musculoskeletal
disorders by self-assessment through a modified
Nordic questionnaire (Eng. Standardized Nordic
questionnaires for the analysis of musculoskeletal
symptoms) [6]. The questionnaire consists of two
parts and the modifications related to the appearance
of symptoms in the ski season (not in 12 months as in
the original). The survey inquired about age, gender,
years of ski instruction experience, average number
of days of work during the season, time spent in ski
training during one day, and questions about injuries
during the previous ski season (neck, shoulders,
elbows, wrist, upper back, lower back, one or both
hips, one or both knees, and ankle). The survey and
cover letter were mailed after the 2021/2022 ski
season at the last lecture of the Association of Ski
Trainers and Teachers in BiH (April 12, 2022).

Statistical analysis

Descriptive statistical analysis was carried out
by computing the means and standard deviations
for each of the variables of interest. Baseline
differences were examined using an independent
sample t-test. Data analysis was performed using
IBM SPSS Statistics for Windows (Version 21.0. SPSS
Inc. Chicago. IL. USA).

Results

The research included 87 instructors, of
which 65 were men (74.71%) and 22 were women
(25.29%). The average age of the treated group
of ski instructors in Bosnia and Herzegovina was
34.61 years, and the average length of service as the
instructors was 6.52 years. When it comes to the
previous season, the instructors spent an average
of 61.21 days (5.72 hours per day) on the mountain
doing their instructor work (Table 1).

When it comes to the prevalence of symptoms of
musculoskeletal disorders in the previous season,
instructors reported symptoms in the following
regions: neck (13.8%), shoulders (12.6%), elbows
(4.6%), wrist (9.2%), upper back (10.3%), lower back
(46.0%), one or both hips (9.2%), one or both knees
(29.9%), and ankle (9.2%) (Table 2.).
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Table 1. Characteristics of participants

Total Male Female
Variables

n Mean Stdev n Mean Stdev n Mean St.dev
Age 87 34.61 10.67 65 37.58 9.40 22 25.82 9.38
How long have you been working as a ski 87 652 414 65 723 395 22 441 404
instructor?

How many days did you work as a ski

instructor last season? 87 61.21 3548 65 61.85 3554 22 59.32 36.03

How much time do you spend on skis on

average during the day? 87 5.72 1.25 65 5.46 1.07 22 6.50 1.40

mMale mFemale

55,5% *54 5%

43,1%

*27.3% *27.3%
183% *22,7% 21,5% *22,7%
13,6%

9.2% 7.7% 9,1% 7 ?ﬁ
f 2 2
l . 3, 1% B, %I 6,2% I 45*

Meck Shoulders  Elbows Wrist  Upper back Lower back  One or One or Ankle
both hips both knees

Figure 1. Percentage difference between MSD among male and female ski instructors. “*” Indicates a
statistically significant difference.

Table 2. Musculoskeletal disorders among ski instructors

Total Male Female
MSD T - test
n % n % n %
No 75 86.2 59 90.8 16 72.7 }
Neck .034*
Yes 12 13.8 6 9.2 6 27.3
No 76 87.4 60 92.3 16 72.7 )
Shoulders .017*
Yes 11 12.6 5 7.7 6 27.3
No 83 95.4 63 96.9 20 90.9
Elbows .249
Yes 4 4.6 2 3.1 2 9.1
o No 79 90.8 61 93.8 18 81.8
Wrist joint .094
Yes 8 9.2 4 6.2 4 18.2
No 78 89.7 61 93.8 17 71.3
Upper back .027*
Yes 9 10.3 4 6.2 5 22.7
No 47 54.0 37 56.9 10 45.5
Lower back 357
Yes 40 46.0 28 43.1 12 55.5
. No 79 90.8 60 92.3 19 86.4
One or both hips 410
Yes 8 9.2 5 7.7 3 13.6
No 61 70.1 51 78.5 10 45.5
One or both knees .003*
Yes 26 29.9 14 21.5 12 54.5
. No 79 90.8 62 95.4 17 77.3 N
Ankle joint .011*
Yes 8 9.2 3 4.6 5 22.7

Legend: MSD - musculoskeletal disorders; * - p < 0.05
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Discussion

The main purpose of this study was to determine
how cumulative trauma caused by the work of ski
instructors affects the prevalence of symptoms of
musculoskeletal disorders in ski instructors with the
intent to direct future injury prevention programs.
The results showed that in the past ski season, the
incidence of musculoskeletal disorders for certain
body segments among ski instructors in Bosnia and
Herzegovina was between 9.2% and 46% (Figure 1.).
Although there is a very small number of studies
that studied this problem, the stated results can
be compared with some studies that determined
the prevalence of musculoskeletal disorders or
the onset of injuries among ski instructors. Thus
[7] state that the majority of instructors (67%)
experienced a serious injury while skiing or had
problems with painful conditions. If we look at
the highest incidence of painful conditions in a
particular body region, low back pain at 46% is
certainly and unequivocally the biggest problem
among ski instructors in Bosnia and Herzegovina.
No significant differences in frequency between
men and women were found. The above data are
in accordance with the research by Peacock et al.
[8] who state that 75% of ski instructors reported
a history of low back pain. These data fit with the
results obtained in the general population and
the population of working-age people. According
to Eurostat [9], during 2013, 8% of the total EU
population reported some form of musculoskeletal
problems, while 55% of that population was absent
from work because of them. Of the total percentage
of reported diseases caused or related to work,
60% were related to musculoskeletal disorders and
most often MSD was associated with the back. It is
estimated that 80% of the population experiences
pain in the low back at least once during their
lifetime, which recurs in at least 50% of these
patients. The problem of “back pain” most often
occurs in the most productive period of a person’s
life, between thirty and fifty years of age, equally
often in people of both sexes [10]. For these reasons,
in 2020 it launched a campaign called “Healthy
Workplaces Lighten the Load”.

When talking about the causes of this
phenomenon, it was determined that 90% of all low
back pain is the so-called mechanical low back pain
associated with biomechanical stress [11]. In this
sense, Supej et al. [12], among other reasons, state
that numerous studies have shown that exposure
to vibration is associated with lower back pain. The
results of their study showed that all forms of alpine
skiing produce vibrations and such observations
reveal that WBV (whole-body vibrations) is a
significant risk factor for LBP (low back pain) in
alpine skiers, and therefore in ski instructors.

The next most common problem among ski

instructors is pain in one or both knees (29.9%),
which is consistent with research (27% to 41%)
[13, 14, 15]. It is interesting to note that there is a
statistically significant difference in the incidence
of knee pain in women (54.5%) compared to
men (21.5%). The cause of this is likely related to
anatomical differences between men and women
such as an increased Q angle in women. Widening
the pelvis reduces the angle between the neck and
the trunk of the femur, which alters the kinetics
at the knee and hip joints. Consequently, the
anatomical position and movement of the lower
extremities is slightly different [16]. In particular
cases, there is “miserable malalignment syndrome”.
This represents a combination of three anatomical
variations of the lower extremities (anteversion
of the femur, external rotation of the tibia, and
increased Q angle) that can present in women that
likely predisposes them to instability, knee pain, and
ultimately more frequent anterior cruciate ligament
injury [17]. Rochman [18] states that research has
shown that non-contact injuries of the anterior
cruciate ligament are 2-3 times more common
in female athletes than in male athletes. This
syndrome, along with differences in neuromuscular
reflex response, hormonal status (the influence of
estrogen receptors on ligaments), and of course
differences in training, causes up to 7 times higher
frequency of anterior cruciate ligament injuries and
higher frequency of patellofemoral syndrome in
female athletes compared to male athletes [16].

It is interesting that in 5 out of 9 body regions
(neck, shoulders, upper back, knee and ankle),
women have a significantly higher frequency of
painful conditions. There are explanations in the
literature that refer to the higher frequency of
injuries of women in sports with possible reasons for
this. Simek et al. [19] state that women are exposed
to a greaterrisk of injury in training and competition.
The reason for this is the anthropological
characteristics of women, such as a wider pelvis, less
developed strength, greater mobility in the joints,
etc. Thus, the ligamentous structures are more
frequently put into disadvantageous positions and
are more likely to be strained. These conclusions
can be taken as relevant in the context of suggesting
an explanation for the obtained results of this study.
It is possible that female instructors have a greater
biomechanical strain on the locomotor apparatus
when performing the same tasks relative to men,
which puts them in a disadvantageous position in
the context of the occurrence of overload and the
occurrence of musculoskeletal disorders. If this
activity happens every day, overexertion syndrome
occurs. Overexertion syndrome is chronic in nature,
because repeated trauma over time overcomes
the ability to regenerate tissues (tendons, bones,
cartilage, mucous membranes or muscles) [20]. In
addition, irregular movement patterns that cause
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cumulative damage to anatomical structures caused
by the continuous application of non-physiological
positions and non-functional movements are
most often cited as the causes of musculoskeletal
disorders in the literature. When correcting
irregular movement patterns, occupational
kinesiology emphasizes intermuscular coordination
and joint mobility. Muscle imbalance that occurs
in 100% of low back pain can hardly be the cause
of low back pain. It is necessary to determine the
cause of the muscle imbalance, and then the back
pain. The cause of muscle imbalance is improper
posture and improper movement patterns. All of the
above results in muscle imbalances, a breakdown
of intermuscular coordination with a consequent
general breakdown of the statics of the whole
body, and changes in the relationships between
anatomical structures over time. In other words, due
to the continuous application of non-physiological
positions and non-functional movements, i.e.
mechanisms of cumulative trauma, structural and
functional changes of anatomical structures occur
over time. By correcting improper postural and
movement habits, i.e. continuous application of
physiological positions and functional movements,
it is possible to stop the progression of structural
changes in hard tissues [21]. This, combined with
the findings, suggests that future workplace health
programs or future research into injury prevention
may be beneficial for this population.

Conclusions

The incidence of musculoskeletal disorders
among ski instructors in the past ski season ranged
between 9.2% and 46%. As expected, the largest
number of respondents of both sexes stated that
they had problems with lower back pain during the
past ski season. Lumbar pain syndrome is one of
the most common health problems today and the
most common cause of absenteeism from work. In
the context of occupational safety of ski instructors,
it is important to pay attention to the quality of
work, which refers to the way the body is held
when performing daily work tasks. For example,
when lifting clients from a sitting position to an
upright position on skis, demonstrating techniques,
etc. By determining the primary risk factors when
performing professional activities, in this case ski
instructors, stressors that lead to the appearance
of painful conditions in the musculoskeletal system
can be prevented or prepared for accordingly. Aside
from the low back findings, it is possible to conclude
that there is a statistically significant difference in
the frequency of painful musculoskeletal disorders
between woman and male ski instructors where
women are more afflicted. Specifically, in 5 of the
9 body regions tested, painful conditions of the
musculoskeletal system appeared more often in
women.
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The importance of psychophysiological features in optimizing the functional state of athletes is
beyond doubt. The aim of this study was a comparative analysis of the psychophysiological features
of taekwondo athletes of different age groups.

The study involved 42 taekwondo athletes, skill level 2 Gup — 1 Dan. The participants were divided
into groups of 14 people. Group 1 - (7.50%0.14) years, Group 2 - (10.07+0.22) years, Group 3 —
(13.36+0.27) years. A special computer program for devices with the iOS operating system was
used. The Apple iPad, 4th generation with a screen diagonal of 9.7 inches was used. The following
tests were used: reaction choice (RC), reaction to a moving object (RMO) and size test (ST). The
results of the groups were compared using the nonparametric Rosenbaum test (Q), and the Pearson
correlation coefficient (r) was determined.

RMO test results in group 2 were significantly better than those in group 1 (Q=12, p<0.01). A similar
correlation was determined for RC (Q=14, p<0.01) and ST (Q=15, p<0.01). When analyzing the
frequency of incorrect reactions in RMO, it was found that athletes in the 1st group lagged behind
more often (Q=6, p<0.05). A comparison of groups 2 and 3 confirmed that senior athletes had better
results in RC (Q=11, p<0.01). For all tests used, the best results of group 3 compared with group
1 was determined: for RMO Q=16, (p<0.01), for RC Q=22, (p<0.01), for ST Q=20, (p<0.01). Senior
athletes often had an anticipatory reaction in RMO, (Q=7, p<0.05). Significant correlations (p<0.05)
were determined in group 1 between age and frequencies of anticipatory (r=-0.57) and lagging
reactions (r=0.57), RMO and RC (r=0.63), RC and frequencies of anticipatory reactions (r=0.57) and
lagging reactions (r=-0.57). In group 3, significant correlations were determined between age and
RC (r=-0.59), RMO and RC (r=0.76), age and ST (r=-0.53), RMO and ST (r=0.65), RC and ST (r =0.79).
A change in the speed of reaction to various stimuli of taeckwondo athletes of different ages has been
confirmed. An increase in age and training experience improves the reaction rate. This dependence
is most pronounced when comparing junior and senior athletes. The determined correlations
between all tests used also reflect the improvement in the psychophysiological state of the athletes
with increasing age. The tests used are characterized by accessibility, specificity, informativeness
and financial feasibility. The results obtained allow for recommending their use in monitoring the
state of martial arts athletes.

combat sports, taekwondo, sensorimotor reactions, age groups, correlation analysis.

Introduction

The importance of psychophysiological features
in optimizing the functional state of athletes is
beyond doubt. The study by Klymovych et al. [1]
describes the developed experimental technology
for acquiring professional-applied motor skills. The
approbation of the program confirmed a significant
improvement in such psychophysiological qualities
as strength, mobility, and balance of the nervous
system.

The impact of certain sports on cognitive
sensorimotor abilities and basic brain functions

© Leonid Podrigalo, Vyacheslav Romanenko, Olha Podrihalo,
Sergii lermakov, Anatolyi Huba, Volodymyr Perevoznyk,
Olexandr Podavalenko, 2023
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was assessed in the study [2]. The authors analyzed
the features of the psychophysiological state of
athletes in martial arts, rock climbing, and racket.
People who did not engage in sports were the
control group. It is shown that martial arts athletes
had the best indicators of reaction time. The test
performance was the most stable with the lowest
number of errors. These athletes show the best
motor readiness. The highest activity associated
with postperceptual processing of attention was also
determined in martial arts athletes. It is concluded
that martial arts can provide the best functional
level for athletes.

The speed of reaction to various stimuli occupies
a leading place among the success factors in martial
arts [2, 3]. It largely determines effective defensive
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and attacking actions. We proposed to use this
psychophysiological indicator for the classification
of paraathletes [3].

It has been confirmed that the reaction time,
strength and accuracy of the strike are among
the most important factors in the state of martial
arts athletes [2, 3, 4]. It is proposed to use them
for monitoring the functional state of athletes.
Controlling these factors is especially important
in terms of preparing for competitions and losing
weight [4].

Speed is one of the decisive factors for victory in
martial arts. In the study by Yao [5], the influence
of various training methods on the reaction rate
of fencers was studied. The results confirmed the
improvement of this indicator under the influence
of the methods used. The selective response test
was more informative than the simple response test.
A conclusion is reached about the need for specific
training to improve the reaction rate.

The effectiveness of attacking movements in
fencing was studied in the study of Borysiuk et al.
[6]- A set of special tests was used to analyze the
condition of elite fencers. The presence of a strong
correlation dependence of the reaction time and
movement times with the activation time of the
limb muscles was determined.

The systematic review synthesized the current
evidence on the feasibility of volitional reaction
time (RT) tests to evaluate the information
processing abilities of athletes [7]. The most
important downside of most implemented RT
tests is their nonspecific nature (i.e., stimulus and
response did not resemble the sports actions).
Sports scientists should focus on developing RT
tests specific for each sport and refine the testing
procedures to obtain accurate, reproducible, and
sensitive measurements of RT.

The reliability and sensitivity of the reaction
rate test in quasi-realistic football situations were
studied in the study of Tomic et al. [8]. The specificity
of the sport led to the study of the reaction time of
the legs. The states of the athletes and the control
groups were compared. The results of the athletes
were significantly better. The high reliability of the
test used was confirmed.

Thus,theavailableresultsconfirmtherelevance of
the study of the psychophysiological characteristics
of athletes for monitoring their state, selection, and
prediction of the growth of sportsmanship. It is of
interest to evaluate the features of the speed of
reaction to various stimuli of martial arts athletes
of different age groups. Based on the foregoing, the
aim of this study was a comparative analysis of the
psychophysiological features of taekwondo athletes
of different ages.

Materials and Methods

Participants

The study involved 42 taekwondo athletes,
representatives of the Vulkan Sports and Youth
Sports School in Cherkasy, Ukraine, skill level 2 Gup
— 1 Dan. The participants were divided into groups
of 14 people depending on age: group 1 — average
age (7.50%0.14) years, group 2 — (10.07+0.22) years,
group 3 — (13.36+0.27) years.

Ethics Statement and Participants. This study
was approved by the Bioethics Committee for
Clinical Research and conducted according with
the Declaration of Helsinki. All participants and
their parents gave their written consent to research
and were informed about the purpose and test
procedures and about the possibility of withdrawal
of consent at any time for any reason.

Study design

The design of the study involved a complex
of psychophysiological tests to assess the body’s
sensory systems. A special computer program for
devices with the i0S operating system was used. The
Apple iPad, 4th generation with a screen diagonal of
9.7 inches was used. The battery of tests included 3
functional tests.

Reaction choice (RC) or a complex visual-motor
reaction was assessed by the reaction time to a
stimulus with certain qualitative characteristics. In
our case, stimuli of the same shape and size were
used (5 circles). They appeared on the screen in a
certain place simultaneously, but in an arbitrary
sequence according to the manifestation of a signal
feature (color) and did not move. The person being
studied had to choose one circle of a given color as
quickly as possible.

The reaction to a moving object (RMO) is to stop
the object in a given place at a given speed of the
object. The accuracy of performance was estimated
by the time of deviation from the specified one.
Stopping a moving object before a certain limit was
counted as an error.

Size test (ST): it is necessary to fix the moment
when the size of the gradually increasing circle
matches the size of the template. The test can be
performed in two versions — with the use of visual
control and without it. The time when a circle
changes at a constant speed corresponding to the
dimensions of the template (standard) is equal.

Statistical analysis

Statistical analysis of the obtained data was
carried out using licensed MS Excel. Descriptive
statistics were determined the following: arithmetic
mean (X), standard deviation (SD), and error of the
mean (m). Considering the small size of the groups,
the significance of differences was assessed using a
non-parametric indicator — the Rosenbaum criterion
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Table 1. Results of psychophysiological tests of taekwondo athletes of different age groups (X+SD)

2 group (n=14) 3 group (n=14)

Indicator 1 group (n=14)
zﬁleezfar‘:;on toamoving g 45114 87
Anticipatory reaction, % 50.07£10.79
Lagged behind reaction, %  49.93+10.79
Reaction choice, ms 877.77+92.57
Size test, ms 1.26+0.13

24.48+7.85 20.36%4.50
45.82%10.73 42.77+14.77
54.18+10.73 57.23*14.77
748.33+83.90 620.09+78.23
1.06+0.10 0.95+0.10

(Q), the differences were considered significant
at (p<0.05). The Pearson correlation coefficient (r)
between the results of each group was determined.
The correlation was considered significant at r not
less than 0.5 (p<0.05).

Results

The obtained results are shown in Table 1.

The use of the nonparametric Rosenbaum test
confirmed the presence of significant differences
between the groups. RMO results in group 2 were
significantly better than those in group 1 (Q=12,
p<0.01). A similar correlation was determined for
RC (Q=14, p<0.01) and ST (Q=15, p<0.01). When
analyzing the frequency of incorrect reactions in
RMO, it was found that athletes in the 1st group
lagged behind more often (Q=6, p<0.05).

A comparison of groups 2 and 3 confirmed only
one significant difference. Senior athletes had the
best results in RC (Q=11, p<0.01).

For all tests used, the best results of group 3 were
determined compared with group 1. The Rosenbaum
criterion was for RMO Q=16, (p<0.01), for RC Q=22,
(p<0.01), and for ST Q=20, (p< 0.01). Senior athletes
often had an anticipatory reaction in RMO, (Q=7,
p<0.05).

Interesting data were obtained from the analysis
of correlations between test results. Significant
correlations (p<0.05) were determined in group 1
between age and frequencies of anticipatory (r=-
0.57) and lagging reactions (r=0.57), RMO and
RC (r=0.63), RC and frequencies of anticipatory
reactions (r=0.57) and lagging reactions (r=-0.57).

There was no significant dependence in group 2.

5 significant correlations were determined in
group 3 and group 1. These are the correlations
between age and RC (r=-0.59), RMO and RC (r=0.76),
age and ST (r=-0.53), RMO and ST (r=0.65), RC and
ST (r=0.79).

Discussion

The effectiveness of the analysis of the
athletes’ state is directly dependent on the chosen
assessment method. The selection should be
performed by considering the specifics of the sport,
the validity, and representativeness of the methods,
and the information content of individual criteria.
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This approach was tested in the study of Rovnaya
et al. [9]. Its effectiveness has been confirmed in the
analysis of the state of artistic swimming athletes of
different skill levels.

Indexes are a simple, visual, and informative tool
for assessing the condition of athletes. This method
was used for the comparative analysis of athletes
of various types of martial arts [10]. The battery of
indices included indicators reflecting the specifics
of the impact of sports on the body of athletes.
The possibility of using these indicators to predict
the success and growth of sportsmanship has been
confirmed.

The selection and prediction systems in sports
should include tests that evaluate attention, reaction
speed, and concentration [11]. The reliability of
the methods used and the relevance of the applied
parameters were confirmed. Another way to improve
the efficiency of analysis is to use the principle
of complexity. Study by Logan et al. [12] and by
Butenko et al. [13] is based on the application of
such an approach. Various tests were used to assess
the level of motor skills development. The use of
complementary tests allows for a comprehensive
assessment.

We used a battery of tests on the Apple iPad,
4th generation. This device allows testing directly
in training. This significantly increases the
information content of the results obtained and
allows for effective monitoring of the athletes’ state.

The use of multimedia technologies in sports
and physical education is a promising direction at
present. The use of mobile applications, interactive
technologies, and computer tests can significantly
increase the effectiveness of training and helps
increase motivation.

The use of computer tests is a promising and
convenient method for analyzing the state of
athletes. The computer training program Rugby-5 is
used for this purpose in the physical culture classes
[14]. It is proved that this development contributed
to an increase in the level of the functional state of
the body of pupils.

The distribution of gadgets increases the
efficiency and applicability of mobile applications.
The effectiveness of the TReaction mobile
application was evaluated in the study by Coswig et
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al. [15]. This is a mobile app developed to determine
strike response time at low cost and with easy
application in combat sports. The findings suggest
that the TReaction app is a valid tool for evaluating
the response time in combat sports athletes.

The participation of athletes of different ages in
the study makes it possible to assess the dynamics
of their readiness, which depends on the training
experience. This makes it possible to evaluate the
influence of physiological features of development
on the functional state of athletes. The study of such
influence is important for predicting success.

The analysis of psychophysiological features is
widely used when comparing the state of athletes
at different levels of training. These qualities make
it possible to objectively assess the condition of
athletes, predict the growth of sportsmanship and
success. Differences between taekwondo athletes
with different levels of competition were analyzed
in the study by De la Fuente et al. [16]. The winner
athletes have the best reaction times. It is concluded
that it is necessary to use such an analysis for
selection.

Similar data were obtained in the study by
Sarmet Moreira et al. [17]. The authors evaluated
the performance parameters of the dollyo chagui
in elite taekwondo athletes and subelite taekwondo
athletes. The reaction time, co-contraction and
speed of kicks are discriminant factors concerning
the competitive level.

Our results confirm the data presented in the
study by Chen et al. [18]. The authors compared the
perceptual-motor abilities of karate and taekwondo
athletes and those who did not practice martial arts.
The speed of perception on the Covert Orienting of
Visual Attention (COVAT) task was the best among
taekwondo athletes. There were no differences
between the groups in terms of the number of
test performance errors. The results show that
athletes involved in different types of martial arts
demonstrate different profiles of perceptual-motor
performance.

The results of the tests carried out confirm the
improvement in results in direct proportion to
the age of the participants. This can be explained
by the increase in the experience with sports
activities. It is known that the reaction speed is not
trained as strength or endurance. However, certain
improvements in this quality can be achieved in the
process of specific sports. This is confirmed by the
results of previous studies [3, 5, 7]. Additionally, the
used tests are specific to martial arts. The possibility
of using these tests to predict success in martial arts
has been confirmed by Romanenko et al. [19].

The RMO test should be regarded as particularly
important for the state assessment of martial arts
athletes. The task is to stop a moving object in a
given place, simulating a typical duel situation. The
opponent makes an attack, it is necessary to perform

a defensive action. The conditions for performing
the test make it possible to evaluate not only the
speed, but the ability of the athlete to evaluate
his actions. Significantly better results of senior
athletes demonstrate a high level of sportsmanship
and a better level of tactical training.

Ananalysis of the frequency of incorrect reactions
in the RMO test confirms the assumptions made.
The junior participants most often give a lagged
reaction, and the senior, in contrast, anticipatory
one. In our opinion, this reflects an increased level
of readiness in senior athletes. They have a better
ability to concentrate and mobilize. This coincides
with the available results of the analysis of the
psychophysiological characteristics of martial arts
athletes [18].

Similar results are given in the study by Gierczuk
and Ljach [20]. The authors used computer tests to
assess the development of motor skills in wrestlers.
In Greco-Roman wrestling athletes, the information
content of tests that study reaction speed, frequency
of movements, spatial orientation, and adaptation
to movements has been proven.

The reaction time of martial arts athletes to
static and moving objects was studied in the study
by Liu et al. [21]. Martial arts athletes had better
reaction times to a moving object and made fewer
mistakes compared with controls. The importance of
attention and quick reaction in dynamic situations
to achieve success in a duel has been confirmed. Our
results are close to those obtained in this study.

An interesting fact is that significant differences
were obtained in only RC test in all groups. It is a
complex visual-motor reaction. The participant
must perform several actions: assess the situation,
select an object and take action. The performance
of this test is quite close to the tasks of a combatant
during a duel. More experienced athletes perform
this task much better. The improvement in this test
with increasing age reflects dependence on training
experience.

The determination of the simple reaction time
and the reaction of choice were used in the study by
Balko et al. [22]. The authors studied the effect of
special 9-week training on the psychophysiological
performance of fencers. The information value
of the reaction of choice test was confirmed. It is
concluded that it is necessary to use specific tests
in the training of martial arts athletes, motorsport
and ball games.

The RC test illustrates the response to a
differentiating stimulus. The performance of this
test puts the subject in a state of waiting for a
decision. It is not only the speed of reaction that
matters, but also the correct performance. This test
should be assessed as important in the prediction
and selection in martial arts, as it allows you to
select athletes not only with a quick reaction, but
also with a stable nervous system.
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The ST test reflects the ability of athletes to
spatial perception. This test allows you to control
your own space, distance and movement prediction.
All these are important factors for winning in
martial arts.

It is necessary to consider the physiological
characteristics of the bodies of the participants.
Athletes in the third group are in puberty. This period
refers to the critical stages in the development of the
child.Itis characterized by arapid change in the state
of organs and systems, the transition of regulation
to a qualitatively new level. This is reflected in the
state of psychophysiological characteristics.

Our results confirm this observation by Latyshev
et al. [23]. The authors studied the influence of age
on success in martial arts. It was confirmed that the
greatest influence of the effect of relative age in
athletes was revealed at the cadet level.

The analysis of correlation dependencies is
widely used in sports science [4, 8]. A comparison of
the number and strength of connections allows us
to evaluate the dynamics of the functional system,
which is formed in the process of sports training.

Correlations between the technical and tactical
indicators of taekwondo athletes were studied in
the article by Wasik et al. [24]. There was a moderate
correlation between the maximum speeds of
both hands in the measured strokes. The highest
correlation was noted between the difference in the
values of the maximum speeds of both hands and
the value of the maximum speed of the allotted
(left) hand. Depending on the devices and methods
of movement fixation, angular and linear speeds can
serve as the main factors in the quality of strikes.

The determined dependencies in group 1 should
be assessed as an illustration of the incompletely
formed functional status of athletes. The
correlations between age and the adverse reactions
rate in the RMO test indicate that athletes have
not yet reached the optimal level of training. This
assumption is also supported by the dependence
between the frequency of error tests and the results
of the RC test. The correlation between RMO and
RC test results should be assessed as evidence of
the impact of the sport on the body of the athlete.
Both of these tests are specific to martial arts.
They allow us to predict the success and growth of
sportsmanship of athletes.
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An analysis of the dependence between
performance indicators and the reaction rate of
athletes in sports games was carried out in the study
by Simonek et al. [25]. Low correlation coefficients
between these factors have been identified in
football. Average values were observed in basketball
and handball, whereas high values were observed
in volleyball. A negative correlation was observed
between triple jump performance and all other tests
in all sports games.

The dependences between the level of physical
fitness of judo athletes and the peculiarities of
training preparation were studied in the study
by Rovniy et al. [26]. A linear multiple regression
coefficient was used. The level of each factor in the
development of physical qualities and indicators
of competitive activity of athletes was determined.
The calculation of the inverse stepwise regression
coefficient allows to determine the most important
factors for increasing productivity.

The determined correlations in group 3 confirm
the assumptions made earlier. A direct correlation
between the tests used reflects the improvement in
the psychophysiological state of the athletes. The
growth of sportsmanship and an increase in the
training experience improve the response to various
stimuli. This assumption is also supported by the
inverse correlation between age and test scores.
The increase in the strength of the connection
between RMO and RC compared to group 1 should
be evaluated as an illustration of the increase in the
level of fitness of athletes.

Conclusions

A change in the speed of reaction to various
stimuli of taekwondo athletes of different ages
has been confirmed. An increase in age and sports
training led to an improvement in the reaction rate.
This dependence is most express in comparing junior
and senior athletes. The determined correlations
between the tests used also reflect the improvement
in the psychophysiological state of the athletes as
the age increases. The tests used are characterized
by accessibility, specificity, informativeness and
financial feasibility. The results obtained allow us
to recommend their use in monitoring the state of
martial arts athletes.
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Abstract

Background
and Study Aim

Material and

Methods

Results

Conclusions

The development and validation of assessment instruments are essential procedures for any
professional intervention, including in physical education and sports contexts. This study aimed
to provide a component-based assessment instrument for track start in swimming. It refers to the
act of starting the competitive swim by diving into the water from a raised block (platform) at the
edge of the pool.

The content validity involved the participation of sixty-three experienced swimming coaches. They
completed a questionnaire about their degree of agreement (Likert scale) with the initial position,
impulsion, flight, and entry into the water as the track start’s components. Reliability and construct
validity involved the participation of seven experienced swimming coaches. The first was verified
through test-retest (intrarater) and reproducibility (interrater) procedures. The latter was tested by
considering the instrument’s ability to assess different track start performances.

The concordant answers (strongly agree and agree) ranged from 63% to 95%, with most
components above 80%. The Intraclass Correlation Coefficients (ICC) results show from good to
excellent interrater and intrarater reliabilities. Specifically, the interrater correlations in the test
and intrarater correlations in track start 1 were revealed excellent. In addition, the interrater
correlations in the retest and intrarater correlations in track start 2 were revealed good.

The obtained validities and reliabilities made possible a component-based assessment instrument
that allows: (i) a clear and standardized structure of track start in swimming involving the initial
position, impulsion, flight, and entry into the water; (ii) accessing to the practitioners’ states in
relation to desired start performance; and (iii) a reference for coaches and teachers to provide

instruction and feedback for learning and performance improvement.

Keywords:

content validity, construct validity, sport of swim, types of starting, performance evaluation.

Introduction

In the last few years, the swimming start has
increasingly been focus of concern for researchers,
sports coaches and physical education teachers. It
refers to the act of starting the competitive swim by
diving into the water from a raised block (platform)
at the edge of the pool. The basic function of the
swimming start is to transfer the speed from
diving to swim [1, 2]. Indeed, there seems to be
some recognition that an efficient start implies a
significant contribution to the reduction of the total
time of the swim [2, 3, 4, 5].

Similar to the swimming styles (e.g., butterfly,
backstroke, breaststroke, and front-crawl stroke),
the start has evolved over time, the main ones
being grab and track starts. Other ones (e.g., swing,
handle, rear-weighted track, and front-weighted
starts) have been conceived as variations of these

© Fabricio Madureira, Thabata V.B. Gomes, Thiago A.C. Oliveira,
Andrea M. Freudenheim, Umberto C. Corréa, 2023
doi:10.15561/26649837.2023.0106

two [6, 7, 8, 9]. Investigations on swimming start
have been developed based on different concerns,
mainly to understand the kinematic and kinetic
variables of the foregoing start styles [6, 9, 10, 11].
For instance, studies have shown that (i) grab start
involves greater flight displacement [12] and smaller
reaction [13, 14] than track start; (ii) reduced block
time depends on the increase in the vertical and
horizontal velocities in the grab and track starts,
respectively [15]; (iii) effective starts are related to
the higher peaks of force [16, 17]; and (iv) training
improves the peak horizontal force, velocity of take-
off, and block and flight times [18, 19]. Currently, the
track start has been seen as a more efficient than
grab start [20].

This study sought to add to the existing body
of knowledge about the biomechanical structure
of swimming start by providing a component-
based assessment instrument of track start. An
important assumption here is that the movement
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behaviors of the interacting components need to
be considered, not only because they are the ones
that give rise to these previous biomechanical
aspects [10], but also because they constitute the
focus of instruction and feedback for learning
and performance improvement. Although there is
widespread recognition that swimming start unfolds
by performing sequential components (e.g., phases),
there has also been some distinction as to what they
are and how they occur [21]. For example, while
Maglischo [5] proposes that it involves preparatory
position, pull, block impulsion, flight, entry, and
slide, Matds et al. [8] suggest the phases of block,
flight, and underwater.

Over the last few years, several assessment
instruments in swimming have been built and
validated. For example, Madureira et al. [22]
proposed an assessment instrument of beginners’
front-crawl stroke efficiency that included ten
component items (recovery and entrance; release;
stroke synchronization; breathing; stroke and
breathing synchronization; 6-downsweep, in-
sweep, and upsweep; body positioning; kicking;
kick and breathing synchronization; kick and stroke
synchronization). On the other hand, Monteiro
et al. [23] validated an assessment instrument
of pedagogical knowledge in swimming, which
comprised the task nature, practice schedule, and
feedback regimes. Other instruments have been
concerned mainly with children’s aquatic readiness.
This is the case of Erbaugh [24], who proposed
an assessment instrument for the swimming
performance of children aged between 2 and 6
years. This instrument comprised the following
components: entry by jump; front and back
locomotion; breathing; kicking; diving; ring pick-up
and retrieval; and hoop obstacle course. In a similar
vein, a recent study by Valentini et al. [25] published
an instrument that evaluates the aquatic readiness
(Aquatic Readiness Assessment - ARA) based on
the following components: water orientation and
adjustment, water entry, breath control, body
position, arm propulsion action,arm recovery action,
leg action, and combined movement. Although
some of the foregoing instruments have considered
entering the water through diving [e.g., 24, 26], to
the best of our knowledge, they have focused on
readiness, fundamental skills, or adaptation to the
aquatic environment.

A component-based assessment instrument
will contribute to swimming coaching/teaching
processes by making possible: (i) a clear and
standardized structure of motor skill (track start);
(ii) the access to the practitioners’ states in relation
to desired start performance; (iii) insights for the
elaboration of instructions and feedbacks; (iv)
references for practitioners and coaches maintain
or modify their expectancies and planning [27, 28,
29, 30].

46

Materials and Methods

Participants

The content validation involved the voluntary
participation of sixty-three swimming coaches, with
an average age of 43.3 years (¥ 12.9) and an average
time of professional practice of 20.3 years (£13.0).
The participants of the reliability and construct
validation were seven swimming coaches, with an
average age of 38.7 years (+ 10.3) and an average
time of professional practice of 17.7 years (* 8.1).
Participation required the volunteers’ written
consent, and the experimental protocol was given
ethical approval by the local Institutional Review
Board.

Research Design

Regarding the content validity procedures,
participants were invited to answer via a Google
Forms link a questionnaire about the track
start composed of two parts: (1) participants’
characteristics without identification of name or any
document number; (2) motor skill characteristics.
Regarding the first, participants reported the date
of birth; gender; time of professional practice with
swimming; whether they worked with swimming
in the health promotion, education, leisure, or
competition dimensions (amateur or professional);
whether they worked with babies, children,
adolescents, adults, or elderly individuals; and
if they worked in a club, academy, school, public
agency, private company, or other.

The second part began with the following
statement and instructions for filling out: “the track
start is efficient when (mark X in the column that
represents your degree of agreement)”. Therefore,
the participant was given the possibility to (i) totally
disagree, (ii) disagree, (iii) neither agree nor disagree,
(iv) agree, and (v) totally agree with the components
of the track start related to the initial position,
impulsion, flight, and entry into the water (Table 1).
In this part, participant also had the opportunity to
provide suggestions about the content or wording of
the analysed item.

As for reliability and construct validity,
participants were asked to rate two track swimming
starts. To do this, they had to access a Google Forms
link that contained two videos whose performances
differed in relation to the performance errors.
The videos were run at 25% of the real velocity.
On the right side of the videos was the foregoing
assessment instrument. Thus, participants were
able to fill the instrument by recording “observed”
or “not observed” for each component item while
watching the videos. The performer was one of the
experimenters who was an expert swimmer and
coach who was not identified during performances.

To characterise a test-retest design, these
procedures occurred twice with a time interval of
one week and in reverse order. It allowed accessing
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Table 1. Components of the track start swimming.

Item Component

1 INITIAL POSITION

11 One foot pulls the front edge of the block with the toes, while the other supports the back with the front of
the sole of the foot.

1.2 The knees are semi flexed

1.3 The trunk flexes over the thigh and the hip remains higher than the head

1.4 Hands grasp the front edge of the block, close to the side

1.5 The head is down

2 IMPUSION

2.1 The block is pushed back with the hands and feet so that the trunk, hip, and knee are extended.

2.2 Trunk moves forward accompanied by raising the head above the hips and looking forward

3 FLIGHT

3.1 The arms are extended forward so the head is between them; hands overlapping and pointing down
3.2 The legs, initially apart, are joined in an extended position with the feet in plantar flexion.

3.3 There is alignment of the hips with the head and arms, which may be followed by a pike position

4 ENTRY INTO WATER

4.1 The overlapping hands enter the water with the elbows extended; the head is between the arms

4.2 The rest of the body enters the water aligned in the same place as the hands

4.3 Feet remain in plantar flexion and legs together and knees extended

4.4 There is hyperextension of the trunk after entering the water

the reliability of the assessment by the same
evaluator (test-retest intrarater reliability) and
the reproducibility of the evaluation by different
evaluators (objectivity or interrater reliability) [31].

Statistical Analysis

Content validity was analysed considering the
relative frequency of occurrences of each level of
agreement in each assessment item. Concerning the
reliability and construct validity, although for single
checklist items the Fleiss’ Kappa reliability test [17,
32] could be used, we are interested in evaluating
the track start performance by considering each
component (initial position, impulsion, flight,
and entry into water), and how reliable the results
could be for multiple raters (evaluators). For this
purpose, each component was considered in terms
of the number of observed items and subsequently
analysed through Intraclass Correlation
Coefficients (ICC). In this case, ICC2k (average
random raters) was run to verify the interrater
reliability, and ICC3k (average fixed raters) was
used to analyse the intrarater reliability [33, 34, 35,
36]. These statistical procedures allow us to infer
the following categorical levels of correlation [37]:
poor = less than 0.5; moderate = between 0.5 and
0.75; good = 0.75 and 0.9; and excellent = greater
than 0.90.

Finally, construct validity was tested considering
the instrument’s ability to assess different
performances [31, 38, 39, 40]. For this purpose,
the number of observed items was considered the

dependent variable in relation to each component
and the overall performance of the track start (sum
of all observed items). Since the swimming start
results from the sequential interaction between four
components (initial position, impulse, flight, entry
into water), each component was also analysed
considering a weight of 25% through the following
calculation: C% = (Nio x 25) +Ni, where C refers
to the component, Nio is the number of observed
items, and Ni is the number of items. This procedure
allowed accessing each component in terms of
relative performance to global performance (100%),
in addition to providing subsidies for proposing
performance categories (e.g., poor, moderate, good,
and excellent). A multivariate analysis of variance
(MANOVA) was run to compare starts (1 and 2) x
performances (initial position, impulsion, flight,
entry into water, and overall) in both measures. The
observed significant effects were followed up using
Tukey, test.

Results

Content validity

Regarding the participants’ characteristics,
Table 2 shows that most of them (63%) worked
with swimming combining health with education,
leisure, and competition. It is also possible to note
that a significant part of them (81%) worked with
babies, children, adolescents, adults, and elderly
individuals, with the main places of work being
clubs and gyms (65%).
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Table 2. Relative frequency of responses related to
the swimming professionals’ characteristics.

Item (%)
Swimming dimensions

Health 6
Education

Leisure 5
Competition 16
Health + others 63
Education + others 5
Athletes/Students

Adolescents 6
Adults 13
Babies, Children, Adolescents, Adults, and

Elderly 81
Local

Private Company 10
Public agency 19
Personal trainer

School 2
Club and Academy 65

Table 3 presents the relative frequency of
responses in each agreement level and track start
component. It shows that “I totally disagree”
obtained below 5% of the answers and that “I
disagree” was below 10%, except for component
3.3, which obtained 13%. The frequencies obtained
in relation to neutrality were also low, ranging

from 2% to 22%. The highest relative frequencies
of responses were observed in “strongly agree”,
which ranged from 32% to 65%. In turn, the relative
frequencies of “agree” ranged from 25% to 37%.
When considering the sum of discordant answers
(strongly disagree and disagree) and concordant
answers (strongly agree and agree), a significant
relative frequency is observed in the latter. These
frequencies ranged from 63% to 95%, with most
components above 80%. It is interesting to note that
component 3.3 was once again highlighted with a
value of 63%, which was one of the comments made.

Regarding the comments, they were related to
the following components: 1.1 (support foot between
the hands); 1.2 (knees close together, hips pointing
up and head down); 1.5 (head between arms); 3.3
(not necessarily pike position); 4.2 (where the hands
enter the rest of the body. Keep your legs together and
extended. Keep the body in streamlined position after
entering the water [this is the end of the exit!]).

The analysis of these comments in conjunction
with the percentage results made it possible to
verify that they were already clearly included in the
instrument. Regarding the item 3.3, it was modified
to: “there is alignment of the hips with the head
and arms, which may involve the pike position”. In
addition, item 2.2 was changed to: “the trunk moves
forward accompanied by the elevation of the head
and looking forward”.

Reliability and construct validity

The ICC results show significant interrater and
intrarater reliabilities (Table 4). Specifically, the
interrater correlations in the test and intrarater

Table 3. Relative frequency (%) of responses at each level of agreement (strongly disagree; disagree; neither
agree nor disagree; agree; and strongly agree) in each component of the track start.

Strongly . Neither Strongly Total Total Total
Component disagree ]?)lsagree agree nor A§ree agree disagreement Neutral agreement

o  ® Ee P oW » % %
1.1 3 5 6 30 56 8 6 86
1.2 2 3 3 35 57 5 3 92
1.3 2 6 6 32 54 8 6 86
1.4 3 5 17 35 40 8 17 75
1.5 2 3 11 37 48 5 11 84
2.1 3 10 6 37 44 13 6 81
2.2 5 8 17 35 35 13 17 70
3.1 2 6 8 37 48 8 8 84
3.2 0 6 19 25 49 6 19 75
3.3 2 13 22 32 32 14 22 63
4.1 2 0 33 62 2 3 95
4.2 2 0 30 65 2 95
4.3 2 6 32 59 8 90
4.4 3 0 17 38 41 3 17 79
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correlations in track start 1 were revealed excellent.
In addition, the interrater correlations in the retest
and intrarater correlations in track start 2 were
revealed good.

Regarding construct validity, MANOVA revealed
significant effects for starts [Wilks’ Lambda = 0.19,
F(4;9)=9.57, p=0.002, np?= 0.81, observed power =
0.98]. The TukeyHSD test showed differences in the
initial position (p = 0.0001) and overall performance
(p =0.025).

Discussion

How efficiently do swimmers perform the start?
This is one of the questions often made by coaches
to select practice tasks and provide feedback
for improving swimming start performance.
Notwithstanding the importance of this motor skill,
swimming coaches have carried out assessments
through nonsystematic observation based on
criteria with subjective individual scales built based
on common knowledge.

One could say that the validation of an instrument
is a complex process as it involves several aspects,
from the collection of information taken as true
in the professional practice and/or academic
environment (e.g., what and how to measure) to
its experimental verification of the construct and
reliability [41, 42]. This study first developed a
content validation by reaching a significant level
of relevance to and representativeness of the
components of the assessment instrument of track
start in swimming [38].

Some aspects were important for that: first, the
study sampling allowed robustness to the findings
because of its significant size (N = 63). Similar
studies on the validation of assessment instruments,
including in other sports, have used a significantly
smaller sample size [22, 23, 25, 40, 43]. In addition,
the robustness was also strengthened by the long
and diversified professional experience. It is known
that coaches keep building their knowledge about
task requirements (e.g., sports of swimming) during
their professional practices [30, 44, 45, 46]. As
revealed in the method, the participating coaches
had an average time of professional practice of 20.3
years and worked with swimming combining health
with education, leisure, and competition purposes.

Second, there was significant agreement
between the coaches in relation to the instrument’s

component items. One could say that the content
validation has been completed through correction
of those few items with low agreement and that had
some suggestions for changes. [tems 2.2 and 3.3 were
modified to “the trunk moves forward accompanied
by the elevation of the head and looking forward”
and “there is alignment of the hips with the head
and arms, which may involve the pike position”,
respectively.

Once the instrument structure was consolidated,
it needed to pass a reliability check, that is, to
determine if it could be used by the same and
different evaluators. Acceptable agreement allows us
to conclude that observed differences did not occur
due to the way an evaluator applied the assessment
instrument [47]. In this regard, good to excellent
correlation values were found, which means that the
assessment instrument of track start in swimming
was able to be used for the same and different
evaluators. These findings corroborate those from
studies validating assessment instruments in
swimming [22, 23, 24, 25].

Finally, construct validity was assessed as
the degree to which an assessment instrument
measured the targeted construct [38, 47]. It
was made by analysing different performances,
namely, start 1 (superior performance) and start 2
(inferior performance). The results revealed that
these performances reached 57.9% and 34.0% of
the optimal performance (100%), respectively.
Therefore, the assessment instrument of track start
made possible access to different performances. In
addition, the instrument allowed us to identify that
starts1 and 2 differed significantly in relation to the
initial position.

The analysis of the components in relative terms
also makes it possible to identify the contribution
of each one (25%) to the overall performance. From
this, it is possible to infer the development of each
one. For example, based on Figure 1, it could be said
that the component of start 1 with the most need of
instructional focus is the entry into the water, which
has a score of 8.9%, that is, approximately 1/3 of the
possible performance.

Finally, although most descriptions of the
swimming start include sliding after entering
the water, this was not considered in the present
study. That is because this would no longer
be part of the start, but rather the underwater

Table 4. Results of Intraclass Correlation Coefficients (ICC) for interrater and intrarater reliabilities.

Test ICC F df1 df2 7} Lower bound Upper bound
Interrater: test 0.91 12.00 3 39 <0.01 0.71 0.99
Interrater: retest 0.89 11.90 3 39 <0.01 0.66 0.99
Intrarater: start 1 0.97 32.00 3 39 <0.01 0.89 1.00
Intrarater: start 2 0.81 5.40 3 39 <0.01 0.35 0.99
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displacement. A recent study by Gonjo and Olstad Conclusions

[21] showed that there is no consensus on the start The obtained validities and reliabilities made
components, especially sliding. They point out that  possible a component-based assessment instrument
the underwater displacement through dolphins’ (Table 5) that allows: (i) a clear and standardized
movements decharacterises the start motor skill to  structure of track start in swimming involving
characterize a form of underwater swimming. the initial position, impulsion, flight, and entry

Relative Performance
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Figure 1. Relative performances of initial position, impulsion, flight, entry into water, and overall
performance in track starts 1 and 2.

Table 5. Assessment Instrument of Track Start in Swimming.

Item Component

1 INITIAL POSITION

1.1 One foot pulls the front edge of the block with the toes, while the other supports the back with the front of
the sole of the foot.

1.2 The knees are semi flexed

1.3 The trunk flexes over the thigh and the hip remains higher than the head

1.4 Hands grasp the front edge of the block, close to the side

1.5 The head is down

2 IMPUSION

2.1 The block is pushed back with the hands and feet so that the trunk, hip, and knee are extended.

2.2 The trunk moves forward accompanied by the elevation of the head and looking forward

3 FLIGHT

3.1 The arms are extended forward so the head is between them; hands overlapping and pointing down

3.2 The legs, initially apart, are joined in an extended position with the feet in plantar flexion.

3.3 There is alignment of the hips with the head and arms, which may involve the pike position

4 ENTRY INTO WATER

4.1 The overlapping hands enter the water with the elbows extended; the head is between the arms

4.2 The rest of the body enters the water aligned in the same place as the hands

4.3 Feet remain in plantar flexion and legs together and knees extended

4.4 There is hyperextension of the trunk after entering the water
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into the water; (ii) accessing to the practitioners’
states in relation to desired start performance;
and (iii) a reference for coaches and teachers to
provide instruction and feedback for learning and
performance improvement.
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College students’ activity levels are considerably affected by mobile gaming, according to multiple
studies. There have, however, been no studies done to date comparing gamers and non-gamers in
terms of their levels of endurance. This present study employed beep and 3-minute step tests to
compare mobile gamers’ and non-gamers endurance levels. In addition, the difference between
demographic variables such as age, gender, and BMI and participants’ aerobic capacity is a major
area of study.

Students at the City College of Angeles in the Philippines were selected using the Judgement
Sampling Technique to take part in the research. Students who participated in the study are
enrolled in the 1st Semester of the Academic year 2022-2023. A survey questionnaire consisting
of four sections were utilized to obtain information from the respondents. Age, gender, body mass
index (BMI), and an endurance test are all part of the personal profile. Both the beep test and the
3-minute step test were administered to the participants. Results from the participants’ personal
profiles, BMIs, and endurance tests were summarized using descriptive statistics like frequency (f)
and percentage (%). The Paired T-Test was also used to find out if there was a significant difference
in the participants’ endurance between mobile gamers and non-gamers. Finally, the individuals’
age, gender, and Body Mass Index (BMI) were validated with their endurance levels by performing
Independent Samples T-Test and One-way ANOVA.

Beep and 3-minute step tests showed that gamers and non-gamers have very different levels of
endurance, with the latter group displaying much more stamina than the former. It was also shown
that among the three factors studied, gender was the only one with a relationship to endurance.
The study did not take into account factors like health history including nutrition, diet, sleep
pattern, lifestyle, health issues, and endurance level on other types of measures. Conducting an
inquiry similar to the one that was done, but also taking into account the other variables indicated,
is a highly suggested course. Several findings are established, and numerous suggestions for further
research, as well as policy and educational applications, are provided.

3-minute step test, beep test, college students, endurance levels, mobile games, physical education

Introduction

People all throughout the world have had their
lives profoundly altered as a result of the devastation
caused by the COVID-19 virus [1]. It has impacted
the government, the health care system, numerous
business sectors, but most significantly education
[2, 3, 4, 5]. The majority of educational institutions
around the world, particularly those in the field of
higher education, have been compelled to close their
doors and have made a significant transition away
from the more conventional classroom setting and
toward an online learning environment [6]. These
radical shifts in the nature of the educational setting
have had a huge influence on the lives of the vast
majority of college students, leading to difficulties
with both their mental and, more importantly, their
physical health [7, 8]. In physical education subjects,
the emphasis is placed on student’s physical
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well-being, and efforts are made to encourage
students to lead physically active lifestyles even
when they are in the comfort of their own homes.
Even if convenience and security are the primary
benefits of online education, students receive only
a marginal increase in the skills and knowledge
they possess as a result of their participation in
physical education classes. When seen from this
perspective, higher education institutions continue
to face a wide range of roadblocks. Even if there
have been recent breakthroughs in technology, the
hands-on and social aspects of physical education
cannot be adequately conveyed in an online
environment [9]. The monotony of lessons within
the restricted environmental conditions, along with
the inefficiency of the educational material, makes
it extremely difficult to convey the real purpose and
value of physical education, resulting in disastrous
consequences [10]. Additionally, a lack of skill in
administering physical education activities among
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the teachers as a result of their having to learn
the ropes via repeated trial and error has rendered
it hard to carry out systematic evaluations. It has
also been shown that motivating students in online
classrooms is extremely challenging due to the lack
of a visual connection that can be made between
the student and the instructor. This is a problem
that exists in addition to the challenges that online
instructors face in administering these classes.
[9]- It has also come to light that taking physical
education lessons in an online environment does
not seem to be beneficial in terms of enhancing
one’s ability to acquire motor skills or increasing
one’s level of physical activity [11]. It is possible that
these factors are to account for the students’ lack of
practical training, disintegration of their drive and
interest, as well as their restricted opportunities
for interpersonal connections. Even in this post-
pandemic era, the pieces of evidence discussed
previously has highlighted the challenges that
higher education institutions all over the world
are today confronted with when it comes to the
delivery of online classes. Because of the nature of
the subject matter, it is possible that offering quality
instruction in an online setting would not seem to
be a viable method for lessons in physical education.

The rise of mobile games during and after the
pandemic

When offered at no cost for download, mobile
games, which are a subgenre of the online video
game genre that can be accessed and played via the
internet, see massive levels of player engagement
and adoption rates [12]. These games are
compatible with a wide range of portable devices,
and they can be played either by a single player or
by multiple players at the same time [13]. In recent
years, the popularity of mobile games—also known
as “e-games”—has skyrocketed as a result of its
accessibility toyoung people[14],especiallyamongst
college-aged individuals, not just in the Philippines
but everywhere else around the globe [15,16]. The
devastating impact of the COVID-19 pandemic has
made it even harder for college students to make
connections and has increased their feelings of
alienation from their peers [17]. Because of this, in
addition to the many other social media platforms
that are accessible to college students, some find
that playing mobile games provides a higher level
of entertainment. College students still place a
high value on mobile gaming even in the wake of
the recent pandemic. Numerous research has been
carried out to investigate the positive and negative
impacts that are associated with playing a variety
of mobile games. According to recent studies,
college students who regularly engage in mobile
gaming have a wide range of good effects, including
cognitive simulation, social opportunities, and
improvements in a variety of mental health
indicators [18, 19]. Studies have shown that mobile

gaming can lead to addiction, which in turn can
lead to poor academic performance, which is in
contrast to the beneficial impacts of mobile gaming
[20, 21]. In addition to this, there are a variety of
behavioral, social, psychological, and health-related
hazards that are strongly linked with mobile gaming
addiction [22]. These studies, which were carried out
over the course of the past few years, are in direct
opposition to one another. Even now, educational
researchers are still investigating this topic in the
hopes of proposing a variety of different practical
implications that will help close the gaps that have
been identified as a result of playing mobile games.

Emerging study on the relationship of mobile
gaming to students’ endurance levels

According to a plethora of researchers,
endurance may be defined as the capacity of the
body to continue participating in an activity for
a considerable amount of time, synonymous to
an individual’s aerobic capacity [23, 24]. Multiple
reports have found that college students’ levels
of physical activity are significantly impacted by
COVID-19 and mobile gaming [25, 26, 27], thus
resulting to poor physical health. Unfortunately,
the association of mobile gaming on the endurance
of college students around the world has not been
the subject of any research. In this regard, the
purpose of this experimental investigation is to
determine whether mobile gaming is associated
with the stamina of college students. Importantly,
the purpose of this research was to compare the
endurance levels of collegiate gamers and non-
gamers based on their age, gender, and Body Mass
Index after completing a series of endurance tests.

Materials and Methods

Participants

Students at the City College of Angeles in the
Philippines were selected using the judgement
Sampling Technique to take part in the research.
Students who participated the study are enrolled in
the 1% Semester of the Academic year 2022-2023. It’s
a form of non-probability sampling in which people
take part in the study based on the researcher’s
subjective assessment of who will produce the most
useful data for meeting the goals of the research
[28].

Ethical considerations

The respondents had an understanding of the
objectives, instruments, and constructs that were
going to be measured and evaluated throughout the
course of the experiment. In addition, the positive
effects that the investigation will have on higher
education institutions and the scientific community
have been outlined. There was also discussion of the
possibility of less significant risks, such as feeling
uncomfortable when responding to personal and
sensitive survey questions and receiving no financial
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compensation for the information provided. In light
of these considerations, respondents were required
to indicate their agreement by checking the box
next to the attached agreement in the survey
questionnaire.

Research Design

This study used an experimental design to
compare the endurance levels of college students
who regularly play mobile video games to those who
rarely do so, controlling for participants’ ages, sexes,
and body mass indexes (BMI). A scientific method
is a way of conducting a study in a structured and
methodical manner, with the goal of achieving the
highest possible degree of accuracy and drawing
the most precise conclusions possible with respect
to a hypothesis [29]. As have mentioned earlier,
the participants for the study are selected based
on the characteristics that are needed for this
experimental study. In this regard, a selection
criterion is developed in order to acquire the most
reliable data possible from the participants. The
following characteristics are desirable in people
who play video games on a mobile phone:

- -must be a legitimate City College of Angeles
student;

- -must be at least 19 years old;

- -can be either male or female;

- - must have played mobile games for at least 6
months;

- - must play a minimum of fifteen hours per
week; and

- - must only play mobile games.

- In contrast, the requirements for non-gamers
are as follows:

- - they must be students at City College of
Angeles;

- -they must be at least 19 years old; and

- -they can be either male or female.

Additionally, to collect data from the participants,
a survey questionnaire with four (4) parts was used.
Personal profile such as age and gender, Body Mass
index (BMI), and endurance test are all included.
The participants were required to do the beep test
as well as the 3-minute step test for the purpose of
the research. This was done, most critically, so that
the researchers could determine the individuals’
levels of endurance. The beep or “bleep” test is a
multi-stage fitness test that is used to determine
an individual’s maximum oxygen uptake (VO, )
as well as their cardiovascular fitness [30, 31]. The
participants were also asked to perform the three
(3) minute step test to which it was used in testing
endurance levels. This is an assessment designed to
measure a person’s aerobic (cardiovascular) fitness
of an individual [32, 33].

Statistical Analysis

In this experimental research, descriptive
statistics such as the frequency (f) and percentage (%)
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were used in order to summarize the personal profile,
Body Mass Index (BMI), and endurance test results of
the participants. Also, the study has utilized T-Test to
determine the difference concerning mobile-gamers
and non-gamers’ cardiovascular endurance levels. It
is a parametric test that compares the means of two
groups [34]. In order to understand the relationship
and difference of gender, age, and body mass index
to endurance level, Independent Samples T-test and
One-way ANOVA was used [35].

Results

The personal profiles of the individuals are
displayed in Table 1, which includes information
about their ages, genders, and Body Mass Indices
(BMI). According to the data in the table, there were
a total of 20 people that volunteered to take part
in the experiment project, with the majority of the
participants beingmales [(N__ =17(85.00%),N;_ .=
3(15.00%)]. In addition, the majority of participants
are 18 years old, with those aged 19 and 20 coming in
second and third, respectively [(N,; = 15(75.00%),
N,,,=4(20.00%),N,, = 1(5.00%)]. Last but not least,
in terms of the participants’ Body Mass Index (BMI),
the majority of them fall into the Normal category,
followed by those who are underweight and obese
(N = 16(80.00%), N = 3(15.00%),N_ =

normal underweight obese

1(5.00%)].

Table 1. Personal information of the participants

Variables Items N(%)
Gender
Male 17(85.00%)
Female 3(15.00%)
Age
19 15(75.00%)
20 4(20.00%)
21 1(5.00%)
Body Mass Index (BMI)
Normal 16(80.00%)
Underweight  3(15.00%)
Obese 1(5.00%)

The outcomes of the Beep and 3-minute step test
completed by gamers and non-gamers are shown
in Table 2. Both gamers and non-gamers, with the
exception of gamer “G5” for the beep test, performed
very poorly in the study. In addition, 60% of the
non-gamer participants scored “very poor” on the
3-minute step test, with the remaining participants’
endurance level rating ranging from poor to below
average.

Finally, to understand the relationship and
difference of gender, age, and body mass index
to endurance level, the results of Independent
Samples T-test and One-way ANOVA are
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illustrated in Table 4 and 5. Based on the findings,
no significant difference was observed between
gender after performing 3-minute step test
[t(3.314)=.860, p=.448]. Surprisingly, a significant

difference was observed between gender after
performing beep test [t(11.670) = 2.341, p =.038],
positing that male (5.00 = 1.90) has higher scores
compared to female (3.67 = .58). It is possible to

Table 2. Contingency table on participants’ endurance level based on Beep and 3-minute step test

Beep Test 3-Minute Step Test

Non- Endurance Endurance Non- Endurance Endurance
gamer level Gamer level gamer level Gamer level
NG1 Very Poor Gl Very Poor NG1 Poor G1 Poor

NG2 Very Poor G2 Very Poor NG2 Very Poor G2 Very Poor
NG3 Very Poor G3 Very Poor NG3 Very Poor G3 Very Poor
NG4 Very Poor G4 Very Poor NG4 Very Poor G4 Very Poor
NG5 Very Poor G5 Poor NG5 Poor G5 Very Poor
NG6 Very Poor G6 Very Poor NG6 Average G6 Very Poor
NG7 Very Poor G7 Very Poor NG7 Below average  G7 Poor

NGS8 Very Poor G8 Very Poor NG8 Very Poor G8 Very Poor
NG9 Very Poor G9 Very Poor NG9 Very Poor G9 Very Poor
NG10 Very Poor G10 Very Poor NG10 Very Poor G10 Very Poor

Table 3. Gamers versus non-gamers’ endurance level difference

Paired Differences

Endurance Test M SD SE 95% Confidence Interval of the Difference t df Sig.

Lower Upper
1 3min_A-3min_B -1.20+2.09 .663 -2.701 .301 -1.809 9 .104
2 Bleep A-Bleep B 1.40+.189  .600 .043 2.757 2333 9 .045

Table 4. Gender in terms of Endurance Level

Endurance Level N M £ SD SE df t-test Sig. Decision
3-minute step Test
Male 17 127.53 £1.97 478 L.
3.314 .860 .448 Not significant
Female 3 126.67+1.53  .882
Beep Test
Male 17 5.00+1.90 462 L
11.670 2.341 .038 Significant
Female 3 3.67 £.58 .333

Table 5. Age and Body Mass Index in terms of Endurance Level

Endurance Level Sum of Squares df Mean Square F Sig.

Between Groups 9.867 2 4.933 1.423  .268
Age (3-minute step test) Within Groups 58.933 17 3.467

Total 68.800 19

Between Groups 7.117 2 3.558 1.079 .362
Age (Beep Test) Within Groups 56.083 17 3.299

Total 63.200 19

Between Groups  17.696 2 8.848 2.943 .080
Body Mass Index (3-minute step test) Within Groups 51.104 17 3.006

Total 68.800 19

Between Groups 5.596 2 2.798 .826 455
Body Mass Index (3-minute step test) Within Groups 57.604 17 3.388

Total 63.200 19
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define this in such a way that each gender has
something to do with the amount of endurance.
This particular finding has been supported by
various studies that males are predominantly
advantageous in terms of VO,  and level of
endurance [36,37]. However, these findings are not
conclusive due to the fact that no other research
pertaining to this topic has been carried out as of
yet. As a result, it is strongly recommended that
a study with the same objectives be carried out
to either confirm or contradict these findings. In
terms of age (F(9.867, 58.933) = 1.423, p = .268),
(F(7.117,56.083) = 1.079, p =.362) and body mass
index (F(17.696, 8.848) = 2.943, p =.080), (F(5.596,
57.604) = .826, p = .455) for both 3-minute step
test and beep test, no significant difference
was observed between groups. It is possible to
deduce from this that the participants’ levels of
endurance are not differentiated by age and body
mass index.

Discussion

The results of this study contradict prior
studies that found a link between advancing age
and a decrease in people’s endurance. Individual
differences in lifestyle choices and inactivity
mediate the deterioration of physiological function
that comes with advancing age [36]. Based from
previously conducted scientific studies, at first,
performance seems to hold steady until around
age 35-40, then it gradually diminishes until age
50, and finally, the biggest drops in performance
happen around age 70 [37, 38]. This is because
there is mounting data that demonstrates a decline
in musculature and function (specifically, muscle
strength and power) with age [39, 40]. Achieving
and maintaining a high level of physical fitness
and activity throughout the life span, on the other
hand, may be an effective method to slow the loss
in physiological functions that naturally occurs
with age [41, 42]. It is important to note that the
majority of participants in this study are young
adults (aged 18-20), therefore it is reasonable to
assume that their current level of endurance has not
declined much over time. It’s also worth noting that
the test subjects’ overall endurance performance
is relatively low. It’s concerning that, at such a
young age, the participants are unable to perform
at or above the average rating. Teachers of physical
education should encourage their students to take
part in a variety of physical activities with the goal
of increasing their endurance, which will become
increasingly important as they grow.

[t was also discovered that BMI has no significant
statistical difference with physical endurance. It’s
reasonable to assume that one’s stamina doesn’t
improve as their body mass index declines or
increases. This discovery goes against the findings of
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other scholarly articles that have shown a correlation
between the two variables. For example, the findings
of [43] have reported that, reduced performance on
the 3-minute Burpee test is associated with being
overweight or obese. The findings of [44] have also
found that BMI was negatively associated with
cardiorespiratory fitness. Likewise, the study of
[45] have also reported that adolescents whose body
mass index (BMI) is either above or below the average
range are less physically fit than their normal-
weight peers. Contrastingly, the findings of [46] have
reported that BMI is not significantly associated
with endurance level for volleyball athletes during
the COVID-19 pandemic. The results of this study,
however, do not apply to mobile gaming players.
Students who spend a lot of time on their mobile
devices are likely to have higher rates of overweight
and obesity, so a comprehensive study on this topic
is strongly recommended.

Surprisingly, gender has been observed to have
a significant difference with endurance level. This
particular finding has been supported by various
studies that males are predominantly advantageous
in terms of VO, and level of endurance [47,
48]. Higher body fat (and less muscular mass)
and maximum oxygen intake and lower levels
of hemoglobin in females explain the absolute
disparities in endurance performance between
sexes [49, 50]. Sex differences in VO, , a critical
indicator of aerobic performance, have been linked
to differences in endurance-exercise performance
[47]. Likewise, the findings of [52] have reported
that all the fitness tests used in the study showed
a substantial difference between the sexes from a
sample of university men and women. Therefore,
the intensity of exercises are different between
males and females [51]. However, these findings are
not conclusive due to the fact that no other research
pertaining to this topic has been carried out as of
yet. As a result, it is strongly recommended that
a study with the same objectives be carried out to
either confirm or contradict these findings.

To conclude, various published scholarly works
have shown that mobile game players are less
likely to engage in other forms of physical activity.
Such as the online survey conducted by [53], It was
discovered that 80.3% of esports players do not get
enough exercise to meet World Health Organization
guidelines. Consequently, esports participants
appear to have a higher rate of inactivity than the
wider populace [54]. In this context, teachers of
physical education should motivate their students
by organizing a variety of endurance-related
activities for them to participate in. The goal is to
pique the students’ interest, specifically, those who
play on mobile devices, in these activities in relation
to the maintenance of their physical health, which is
of critical significance.



2023

2% 01

Conclusions

In this novel research project, an examination
was carried out to compare the levels of endurance
possessed by gamers and non-gamers drawn from
a population of undergraduate students attending
City College of Angeles. Following the completion
of the experiment, it is possible to draw the
conclusion that there is a considerable gap in the
levels of endurance possessed by those students
who play mobile games and those students who do
not. This research also demonstrated that gender
has a significant role in determining the degrees of
endurance possessed by gamers and non-gamers
alike. Additionally, there was a significant link found
between gender and endurance level. This finding
might be interpreted as possibly indicating a causal
relationship between the two variables. Therefore, it
is strongly recommended that an approach to study
based on causal relationships be taken. In addition,
the Beep test and the 3-minute step may not be
suitable for determining the endurance level of
particular samples when considering ethnicity and
several other biologic requirements. In this regard,
this study would like to underline some practical
implications that are extremely helpful for both
types of participants for policy and educational

applications by utilizing such studies as this in the
formulation of physical activities meant to improve
the endurance of students. Teachers of physical
education should strictly monitor the physical
fitness of students who have poor cardiovascular
endurance. Ergo, a pre-test and a post-test should
be used by teachers of physical education to
identify students who are at risk and to encourage
those students to participate in activities that will
improve their fitness levels. Lastly, it is important
to take into account the restrictions imposed by this
study. Other characteristics such as health history
including nutrition, diet, sleep pattern, lifestyle,
health issues, and endurance level on other types
of measures were not taken into consideration in
this study. Therefore, carrying up a similar study but
also taking into account the other factors indicated
before is a highly proposed course of action.
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Abstract

Background
and Study Aim

Material and
Methods

Results

Physical education teachers play an important role in helping students to understand the importance
of physical activity. By maximizing physical activity time in physical education, physical education
teachers can influence physical activity needs of students. The present study was aimed at analysing
and comparing teachers’ preferences of teaching primary physical education.

Survey instrument (teachers’ preferences) was carried out five months (May — September, 2022)
through an intentional sampling with survey group size of 1300 physical education teachers of
primary education: (i) Preschool and elementary pedagogy (50.76%, n = 660), (ii) Related pedagogy
(49.24%,n = 640). Pearson correlation coefficient (r), chi-square test (y?) (inferential) and descriptive
statistics were used to analyse and compare the data.

Physical education is often viewed as a marginal subject within the curriculum, however after
analysing the data, on average, 63.54% (n = 826) of survey group believes that physical education
is just as important as any other school subject (p < .01). According to 52% (n = 676) of survey
group, games are popular teaching activity in physical education (p < .01). About 40.50% (n = 526)
of survey group does not enjoy teaching dance in physical education (p < .01). About 37.55% (n =
488) of survey group considers teaching health and fitness as demanding (p >.05) and athletics and

gymnastics (36.06%, n = 468) as undemanding (p <.01).

Conclusions

Primary physical education is an important component of curriculum and provides unique

challenges for those involved with its teaching.
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Introduction

Education is an important part of life,
irrespective of one’s gender, race or social class.
Education determines the future of each human
and each country [1]. Investing in education is an
important strategy a country can make in its future,
however education level varies among countries for
many reasons, in particular economic development,
poverty, government corruption and level of
democracy [2]. Regardless of which attitudes we
strive for in teaching, teachers play an important
role in providing the power of education to today’s
children, therefore giving them the possibility for
a better future [3]. Teachers play an important role
in achieving high-quality education to children and
need to develop their competencies [4]. Demands
made of teachers are high, despite of maintaining
important role in society. Many of them do not
understand what quality teaching requires and do
not see quality teaching as a demanding mission
that requires rigorous training [5].

Classroom teachers play an important role in
helping children (I1st - 4% year of study) reading
and writing and in developing educational path
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because of being a foundation of learning and
transfer of knowledge [6]. Expected to teach all
compulsory subjects, classroom teachers teach all
of them with the same criteria, however some of
them who specialise in a specific area can influence
how a subject is taught and how children gain a
view of the subject [7]. Lack of primary physical
education knowledge among classroom teachers
contribute to uncertainty about what they are doing,
however classroom teachers who demonstrate
good knowledge can encourage positive attitudes
towards physical education in children [8]. Physical
education struggles for recognition in relation to
other school subjects because of being perceived as
a “less important” school subject [6]. Other school
subjects higher within the school subject hierarchy
receive preferential allocation of resources, in
particular equipment funding, staffing allocations
and timetabling, however most children express
positive attitudes towards physical education,
because of subject teacher [9, 10]. Children who
have more positive attitudes towards physical
education participate more in physical activity [11,
12]. Lack of physical activity among children is of
increasing concern, with data showing a decline in
participation in physical education [13].

63



PEDAGOGY of Physical Culture

and Sports

Physical education teachers (classroom teachers)
delivering meaningful content and appropriate
instruction must become the norm in educational
process in order to provide children with positive
physical activity attitudes that will lead them to
maintain physical activity [14]. Quality teaching,
including physical education, is recognised as an
important influence in shaping school attainment
[15]. Because of importance of physical education in
terms of teachers’ influence on physical education
itself and children’ attitudes, the present study
was aimed at analysing and comparing teachers’
preferences of teaching primary physical education.

Materials and Methods

Participants

In accordance with study aim, the target
population consisted of primary physical education
teachers (n = 1300) in Slovakia (convenience
sample), recruited through an electronic mail [16].
Recruitment process was carried out regularly, in
intervals of 2 weeks, aiming for intentional sampling,
regarding educational attainment: (i) Preschool and
elementary pedagogy (50.76%, n = 660), (ii) Related
pedagogy (49.24%, n = 640); average age: (i) > 30
years (13.08%, n = 170), (ii) < 30 - > 40 years (24.92%,
n = 324), (iii) <40 - > 50 years (37.54%, n = 488),
(iiii) < 50 years (24.46%, n = 318); career level: (i)
Beginning teacher (7.84%, n = 102), (ii) Independnet
teacher (30%, n = 390), (iii) Attestation - 1 (35.22%,
n = 458), (iiii) Attestation - 2 (26.92%, n = 350).
Data interpretation process (original) consisted of
1500 debriefing forms, however 13.34% (n = 200)
of them did not meet inclusion criteria, containing
in recruitment process. After meeting the inclusion
criteria (data cleaning), the survey group consisted
of 1300 primary physical education male (17.24%,
n = 224) and female (82.76%, n = 1075) teachers in
Slovakia.

Research Design

Single-measure comparative study (descriptive)
was carried out five months (May — September,
2022), in order to analyse and compare teachers’
preferences of teaching primary physical education.
Creatinganeffectivesurveyinstrumentmadeiteasier
to analyse and compare the data, which consisted
of two sections: (i) Demographic information (e.g.,
age, gender, region (town), career level, educational
attainment); (ii) Survey items, which consisted of
five closed questions: (ii-i) Teachers’ preferences of
teaching primary physical education, (ii-ii) Popular
teaching activity in primary physical education,

Demanding teaching physical activity in primary
physical education. Survey instrument was available
online (unlimited time) and collecting data (May —
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September, 2022). Available feedback (online) did
not indicate any issues with comparative design
(technical) and survey (e.g., grammar, vocabulary).
Financial incentives were not given (voluntary
participation), however the survey group (n =
1300) received the final report with their personal
results afterwards. Online version of survey was not
detecting any data about the identity and chosen
due to cost effectiveness, time saving and easy
accessibility (Microsoft Forms, Office 365, Microsoft
Corp., Redmond, WA, USA) [17].

Statistical Analysis

Available survey data (online) collected through
survey (debriefing form) was tabulated and figured
in database designed precisely for single-measure
comparative study (descriptive). Incidence of
responses (each item) of survey group (n = 1300)
was analysed and compared by using the Tap3
- Gamo (statistical software) (Banska Bystrica,
Slovakia). After cleaning available survey data of
survey group (n = 1300), descriptive statistics (e.g.,
arithmetic mean, percentage frequency) were used
to analyse and compare the data (clean). Chi-square
test (x?), of which the significance level (a) was .01
and .05., evaluated the difference between 1300
physical education teachers of primary education:
(i) Preschool and elementary pedagogy (50.76%,
n = 660), (ii) Related pedagogy (49.24%, n = 640)
[18]. Measuring the strength of linear association
between four variables was evaluated by using the
Pearson correlation coefficient (r) [19].

Results

According to study aim, Figure 1 illustrates
teachers’ preferences of teaching primary physical
eduction within the survey group (n = 1300) and
confirms that 63.54% (n = 826) of survey group (n
= 1300) considers primary physical education as
important as other school subject. 23.92% (n = 310)
of survey group (n = 1300) believes that primary
physical education is popular subject, compared
to 8.44% (n = 110) of survey group (n = 1300)
who believes that primary physical education is
unpopular subject. 53 teachers (4.09%) out of 1300
(100%) are not teaching primary physical education.
Difference between 1300 physical education
teachers of primary education reveals statistical
significance (p <.01) (5 = 13.83; p =.003).

Popular teaching activity in primary physical
education within the survey group (n = 1300)
illustrates Figure 2 and confirms that games are
popular in 52% (n = 676) of survey group (n = 1300).
Athletics and gymnastics inscribe 260 teachers
(19.99%) out of 1300 (100%). Dancing is popular in
188 teachers (14.43%). 130 teachers (10.04%) out of
1300 (100%) inscribe outdoor and adventure. Health
and fitness are popular in 3.54% (n = 46) of teachers.
Difference between 1300 physical education
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Figure 1. Teachers’ preferences of teaching primary physical education
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Figure 2. Popular teaching activity in primary physical education

teachers of primary education reveals statistical
significance (p <.01) (XZ =13.80; p =.007). Pearson
correlation coefficient (r = .452) of preschool and
elementary pedagogy (50.76%, n = 660) indicates
moderate positive correlation between popular
teaching activity and undemanding teaching activity
and moderate negative correlation between popular
teaching activity and unpopular teaching activity (r
=-.303) and demanding teaching activity (r = -.340).

Dependence of related pedagogy (49.24%, n = 640)
between popular teaching activity and undemanding
teaching activity is moderate (r = .390), as well as
popular teaching activity and unpopular teaching
activity (r = -.412) and demanding teaching activity
(r =-.448).

Figure 3 illustrates unpopular teaching activity
in primary physical education within the survey
group (n = 1300) and confirms that dancing in
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not popular in 526 teachers (40.49%). Health
and fitness inscribe 26.05% (n = 338) of teachers.
2.79%-difference is between games (12.86%, n =
167), athletics and gymnastics (10.54%, n = 138) and
outdoor and adventure (10.08%, n = 130). Difference
between 1300 physical education teachers of
primary education reveals statistical significance (p
<.01) (¥*,, = 20.05; p = .0004). Pearson correlation
coefﬁment (r = -.738) of preschool and elementary
pedagogy (50.76%, n = 660) indicates strong
negative correlation between unpopular teaching

activity and undemanding teaching activity and
strong positive correlation between unpopular
teaching activity and demanding teaching activity
(r =.767). Dependence of related pedagogy (49.24%,
n = 640) between unpopular teaching activity
and undemanding teaching activity is strong (r =
-.766), as well as unpopular teaching activity and
demanding teaching activity (r =.896).

According to 36.05% (n = 468) of teachers,
athletics and gymnastics are undemanding teaching
activity in primary physical education (Figure 4). 312
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Figure 3. Unpopular teaching activity in primary physical education
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Figure 4. Undemanding teaching activity in primary physical education
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teachers (24%) out of 1300 (100%) inscribe outdoor
and adventure and 23.82% (n = 310) of teachers
consider teaching games as undemanding. Dancing
is undemanding in 144 teachers (11.14%), health
and fitness in 65 (5%). Difference between 1300
physical education teachers of primary education
reveals statistical significance (p <.01) (¥*, = 14.30;
p = .006). Pearson correlation coefficient (r = -.974)
of preschool and elementary pedagogy (50.76%, n =
660) indicates strong negative correlation between
undemanding teaching activity and demanding
teaching activity and strong negative correlation
between undemanding teaching activity and
demanding teaching activity (r = -.842) of related
pedagogy (49.24%, n = 640).

Demanding teaching activity in primary physical
education within the survey group (n = 1300)
illustrates Figure 5 and confirms that health and
fitness are demanding in 488 teachers (37.55%). 392
teachers (30.20%) out of 1300 (100%) inscribe dance
and 14.95% (n = 195) of teachers consder teaching
games as demanding. 9.01% (n = 177) of teachers
consider athletics and gymnastics as demanding
and outdoor and adventure are demanding in
8.29% (n = 107). Difference between 1300 physical
education teachers of primary education does not
reveal significant difference (p <.05) (x2, = 7.14; p
=.128).

“)

Discussion

Physical education teachers of primary education
(classroom teachers) have an important role in
achievinghigh-qualityeducation.Physicaleducation
teachers may occupy a “marginal role” in schools [20],
however 63.54% (n = 826) of survey group (n = 1300)

believes that physical education is just as important
as any other school subject (p <.01). Slovak physical
education teachers consider physical education
as important as other school subject in schools
(80.48%,n=169) and 17% (n = 36) of them consider
physical education more important as other school
subjects [21]. Romanian school physical education
is perceived as important discipline in curriculum
and 75% of teachers consider physical education
as important in educational system [22]. Hungarian
primary pupils, aged 11 -14 years, consider physical
education as important school subject in schools
(84.8%, n = 910), however 11.6% (n = 124) of them
are of different attitudes [23]. With regards the
importance of physical education, 51.6% (n = 148)
of students consider physical education “at least” as
important as other school subject, however 28.8% (n
= 82) of them denote physical education as “not so
important” school subject in curriculum. Difference
between genders is significant (p < .01, y2 = 20.20).
60.6% of boys consider physical education “at least”
as important as other school subject, compared to
42.6% of girls [24]. Becoming more popular among
primary pupils, aged 5 - 11 years [25], devaluation
of physical education increases as pupils grow [26].
Existing evidence shows that majority of parents
consider physical education as important as other
academic subjects. Attitudes range from 54% to 84%,
depending on subject being compared [14]. Some
believe that physical education is an important (the
most) component of curriculum [27].

Gamesare suchalargeandintegral part of content
of physical education curriculum [28]. Incorporating
fun and meaningful activity like “traditional” games
during physical education can serve as alternative
strategy to promote physical activity [29]. According
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Figure 5. Demanding teaching activity in primary physical education
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to 52% (n = 676) of survey group (n = 1300), games
are popular teaching activity in physical education.
Existing evidence shows that games are popular
among male and female physical education teachers
in Slovakia (58.02%; n = 653) [30]. Athletics and
gymnastics inscribe 260 teachers (19.99%) out
of 1300 (100%). Lack of gymnastics instruction
is because of physical education teachers’ strong
focus on other content and their lack of competence
and confidence in teaching gymnastics [31]. Many
physical education teachers have lack of dance
experience and confidence in teaching dancing in
school curriculum. 392 teachers (30.20%) out of 1300
(100%) consider teaching dancing as demanding and
unpopular (40.49%, n = 526). Almost no attention is
given to how physical education teachers approach
creative aspects in dance teaching [32]. Teachers of
physical education devote almost no time to dancing
because they cannot dance themselves and as
consequence are limited (pedagogical) in teaching
[33]. Outdoor education has positive impacts
for children and interest among teachers in this
teaching method is growing [34]. 312 teachers (24%)
out of 1300 (100%) consider outdoor and adventure
as undemanding and popular in 10.08% (n = 130) of
teachers. The present study was aimed at analysing
and comparing teachers’ preferences of teaching
primary physical education in Slovakia, therefore it

is problematic to compare our results with available
foreign literature, however it is important to realise
the interconnectedness of “theory and practice”.

Conclusions

Current curriculum allows primary (classroom)
teachers partial freedom in choosing the content
of education to meet the learning needs of pupils,
in consultation with their wider school community.
Current physical education curriculum inspires
pupils to excel and secceed in primary physical
education and enhance their lifelong interest in
physical activity. We consider it important to devote
extra attention to activity of dance and health
in terms of future training of physical education
teachers of primary education. Demanding factor
with unpopularity of them reflects in practice in the
teaching quality of primary physical education.
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Keywords:

Explosive strength/muscular strength is demanded at the level of different body segments
and regions in most sports. The purpose of the research: is to identify the differences in the
manifestation of explosive force between groups of underweight, normal weight and overweight
university students; to determine the associations between the anthropometric parameters and the
value of the results in the applied tests.

The investigated group consists of 147 students (men) of the Faculty of Physical Education and
Sport, divided into 3 distinct groups for the analysis of the results: underweight (age=20.40%+1.18,
BMI=17.81£0.93), normal weight (age=20.504%1.671, BMI =22.24#1.67) and overweight
(age=22.44%2.24, BMI=28.01%+2.74). 7 tests were used to evaluate the explosive strength of the lower
body (Vertical Jump Test, Standing Long Jump Test, 3-Hop Test, The multiple 5 bounds test, 30s
Lateral double leg hop test, 30s Continuous vertical jumps, Speed Test 10m). A number of 6 tests
were used to evaluate the explosive strength of the upper body (Overhand ball throw, Shot put,
Overhead Medicine Ball Throw-forward, Overhead Medicine Ball Throw-backward, Medicine ball
chest throw, 30s Plyometric Push-Ups).

Univariate test results indicate F values associated with significant thresholds at the lower body
level (P<0.05) for tests based on horizontal jumps (Standing Long Jump, 3-Hop Test and The
multiple 5 bounds test), where underweight and normal weight have the better average scores.
At the level of the upper body, the situation is changed (for Shot put and medicine balls throws),
where the overweight have the best average values, followed by the normal weight, and the worst
results are found for the underweight group (P<0.05). Only for the Overhand ball throw and 30s
Plyometric Push-Ups, the superiority of the overweight is not statistically confirmed (P>0.05).
Correlation calculation (Pearson values) indicates positive associations between body height and
vertical and horizontal jumps (except for those repeated for 30s), but negative associations of BMI
and body mass with jump-based tests. However, BMI and body mass are moderately, positively and
significantly correlated with throw-based tests (P<0.05).

We can state that the classification of students in different BMI categories generates differences in
explosive strength values between the 3 studied groups. The comparisons indicate the superiority
of underweight and normal weights over overweight in all lower body explosive strength tests. The
comparisons indicate also the significant superiority of overweight in the medicine ball and shot
put tests over normal and underweight. The obtained results cannot be generalized, due to the
small size of the underweight and overweight samples. Further investigations on larger groups of
university students being necessary.

muscle strength, university students, explosive efforts, BMI levels, differences, evaluation.

Introduction

throwing skills in volleyball and badminton,

In the system of motor skills, muscle strength
and power play a major role in the manifestation
and exploitation of motor potential in ontogeny
[1]. The identification of talent characteristics for
elite teenagers (according to the characteristics of
9 different sports) indicates the importance of the
explosive strength of the lower limbs and overhead-

© George D. Mocanu, Gabriel Murariu, Vladimir Potop, 2023
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respectively agility and sprint/speed in soccer,
volleyball, badminton and judo [2]. A longitudinal
study of children and adolescents from several
countries revealed an improvement in Standing long
jump performance between 1960 and 1990, then a
stagnation until the year 2000, followed by a decline
in performance to the present, for most of the
analyzed countries. However, no associations were
noted between the decrease in functional explosive
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strength of the lower body and socio-economic or
health indicators [3].

Physical activity, somatic type and body
composition are factors that strongly influence the
explosive strength of the lower body. Comparative
studies between athletic vs. non-athletic university
students (22.16 years old) showed higher VJT
values for those who were physically active, with
an increased percentage of skeletal muscle mass
and belonging to the mesomorph/ectomorph types.
Endomorphs, non-athletes and those with high
body mass values perform poorly in vertical jump
tests [4]. The presence of jumping asymmetries for
young adolescent athletes (both genders) involved
in team sports (basketball, handball and volleyball)
is a factor associated with a reduction in short-
distance sprint and jumping test performances
[5]- Comparison of the motor performance of
Hungarian athletic (basketball) and non-athletic
university students shows only height variations
in favor of basketball players, but they perform
better in vertical jump and balance tests, and
high BMI values are negatively correlated with
physical performances [6]. Research on Nigerian
university  students, recreational basketball
players (19.12 years) indicated strong correlations
between the Vertical jump test (V]JT) value and a
series of anthropometric data (height, weight, BMI
values, calf girth and foot length). However, no
significant associations were reported between V]JT
with femoral length, thigh girth, tibial length [7].
Testing the fitness level of Brazilian adolescents
identifies poorer performance of overweight and
underweight, including SL] explosive strength and
medicine ball throw assessment [8]. Other research
(on the level of university students majoring in
medicine) reports negative associations of BMI with
lower body explosive strength, but also positive
associations between the amount of muscle tissue
and vertical jump values [9]. A study of Brazilian
junior soccer players revealed significant negative
associations between VJT performance and agility
tests with body fat percentage, so increased body fat
percentage affects vertical jump values [10]. Muscle
power performances for elite league Greek handball
players vary by ranking position/rank. For the team
in the first place, better results are obtained in the
vertical jump test, compared to the team in the 8th
place out of 11 clubs, the situation being similar in
the Continuous vertical jumps 30s test. The results
can also be explained by the higher average height
as well as the greater amount of lean muscle mass of
the champion team [11].

For Brazilian adolescent wrestlers, positive
and strong associations between horizontal jumps
and body height are highlighted, and for judo
practitioners, significant associations are reported
between body mass and body height with the
medicine ball chest throw and VJT tests. Judoka
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has superior performances in 3 kg medicine ball
chest throw, V]T, standing long jump test (SLJ) [12].
The quality of technical executions in different
sports disciplines depends on the value/level of
the athletes and the values of the explosive force
at the level of the muscle chains involved in the
effort, the aging of the body and the degeneration
of the musculoskeletal system. Increased values
of body fat percentage affect motor performance
and sports results [13, 14, 15, 16]. At the level of
young track and field (shot-put) practitioners,
performances in this athletic test are correlated
with several factors: the volume of the muscles of
the upper and lower body, peak power output (PPO)
of arms and legs. Other important factors are work
of hand action force (WHAF) and release velocity
parameter [17]. Parameters related to fitness level
and motor skills are relevant for the selection of
elite archers in a Malaysian youth group. The best
was found to score higher in balance, strength and
other skills, including muscle power, as assessed by
the Vertical jump test and Standing long jump [18].
Other authors demonstrate the importance of the
psychological factor in achieving performance in
muscle strength tests. The use of external stimuli
(performance feedback and verbal encouragement)
has a beneficial effect on explosive strength test
performance (Speed test 10 m and Vertical jump
test) for physically active and inactive university
students in Saudi Arabia [19].

Sports subjects (team sports games, combat
sports, track and field) have higher explosive force
values compared to physically active but non-
sporting subjects, as a result of adaptive changes
of the body [20]. A direct effect of physical effort
and systematic training is the improvement of
physical performance, as a result of morphological
and functional adaptations to various demands [21,
22, 23]. However, the installation of muscle fatigue
affects the performance related to the strength of
the lower body, being found significantly lower
values in the vertical and horizontal jumps after
physical effort, compared to those before the effort.
The studies were carried out on subjects involved in
recreationally trained physical activities, but also on
the level of adult groups, according to Cooper et al.
and Leister et al. [24, 25]. Studies on athletes have
shown that the onset of muscle fatigue generates
a limitation of vertical jump height performance.
Performing repeated vertical jumps for 30 s with a
load of 30% of the body weight value generated a
significant decrease in Vertical jump values after
3 minutes of rest. Retesting after 4 minutes and
5 minutes identified an increase in performance,
as a result of the effect of PAP/ post activation
potentiation that generates an acute production of
muscle strength [26].

Regarding the training methodology aimed at
increasing explosive strength for various sports and
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at the level of different muscle chains, specialized
studies are numerous. The survey of strength and
conditioning coaches (SCCs) from various countries
and sports branches identifies that multiple hops/
lunges are most often programmed (84%) as
variations of plyometric exercises. About 40% of
coaches want to use as much technology as possible
in the developed programs for training athletes and

training aimed at optimizing muscle strength [27].

Using various medicine ball throws (medicine ball

twist throw, medicine ball chest throw, medicine

ball forward overhead throw) alleviates shoulder
and arm strength deficit for Indonesian students

[28]. Studies on Japanese university student athletes

(20.2 years old) confirm the usefulness of using

training programs that include push-ups (with

similar load to 40% 1RM bench press) in terms of
muscle hypertrophy and the increase in explosive

strength in the medicine ball throw test [29].

Purpose of the Study. Our research aims to verify
the following directions:

1. Determining possible differences in the lower
and upper body explosive strength tests between
the 3 BMI categories (underweight, normal
weight and overweight) for (male) students of
the Faculty of Physical Education and Sport in
Galati

2. Identifying the value and significance of the
associations between the somatic parameters
and the results of the applied tests.

Materials and Methods

Participants

Our group consists of 147 university students
(men) enrolled in undergraduate studies (years 1
and 2), within the Faculty of Physical Education and
Sport in Galati - Lower Danube University in Galati.
Of these, 99 are performance athletes, and 48 are
non-athletes (but physically active in curricular
and leisure activities), the division into groups for
processing and analysis of the results being made
according to BMI levels. These are: underweight
(N=15, age= 20.40%+1.18), normal weight (N=107,
age=20.504%*1.671) and overweight (N= 25,
age=22.44+2.24). Additional data related to the
group structure and anthropometric characteristics
are presented in table 1, the numerical imbalance
between the 3 formed groups being obvious.

Research Design

Our study is based on a cross-sectional
investigation, planned in May 2019, within the
Research Center for Human Performance of
the Faculty of Physical Education and Sports in
Galati (Romania). The participants will receive
information related to the purpose of the research
and the execution technique of the explosive force
evaluation tests. All rules related to scientific
research involving human subjects, according to
the Helsinki Declaration, were followed [30, 31]. The
students were instructed not to engage in demanding
efforts before the tests, in order not to affect the
obtained performances. The warm-up was based on
aerobic demands at reduced intensities and dynamic
stretching with the mobilization of the joints and
muscle chains required for the tests. The evaluation
was scheduled over 2 days, separately for the lower
and upper body, due to the large number of samples.
7 lower body (A) explosive strength evaluation tests
and 6 upper body explosive strength evaluation
tests (B) were planned. Information related to the
validity and description of the tests is provided by
[32, 33, 34, 35, 36, 37, 38].

(A) 1. Vertical Jump Test/VJT (Sargent Jump
test)/cm, 2.Standing Long Jump Test/SLJ] (Standing
Broad Jump)/cm, 3. 3-Hop Test (3 double leg jumps)/
c¢m, 4. The multiple 5 bounds test/MB5/(5 forward
jumps with alternative left and right leg contacts)/
cm, 5. 30s lateral double leg hop test (30-Second
Endurance Jump- jumping over an obstacle/rope
or fence raised at the height of the knees)/number
of executions, 6. 30s Continuous vertical jumps
/ Modified Bosco Repeat Vertical Jump Test 30
s by touching a sign or object raised to 2/3 of the
personal best jump/ maximum jump height/ number
of executions, 7. Speed Test 10m (Sprint test 10m)/s.

(B) 1. Overhand ball throw (140 grams and 8cm
diameter) (m), 2. Shot put-track and field - 4kg
women and 7.260kg men/cm, 3. Standing Overhead
Medicine Ball Throw-forward (3 kg)/cm, 4. Standing
Overhead Medicine Ball Throw-backward (3kg)/cm
5. Standing medicine ball chest throw (3kg)/cm, 6.
30s Plyometric Push-Ups/clap push-ups/ number of
executions.

Statistical Analysis

The data obtained from the tests were statistically
processed with SPSS Software (Statistical Package

Table 1. Distribution of students into groups and analyzed anthropometric characteristics (average and

standard deviation)

Indicator Subjects Athletes Non-athletes Height Weight BMI

Underweight 15(10.22%)  8(5.44%) 7(4.78%) 180.333+8.861 58.3000+7.936 17.816+0.935
Normal weight 107(72.78%) 75(51.02%) 32(21.76%) 178.602+6.328 71.102+7.8751 22.249+1.670
Overweigh 25(17.00%)  16(10.88%) 9(6.12%) 178.460+6.597 89.040+6.3507 28.016+2.741
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for the Social Sciences/IBM Vers.24 Chicago, IL,
USA). ANOVA parametric techniques were used
(multivariate and univariate test, highlighting the
values of F, significance thresholds and size effect/
Partial eta squared /m? , Levene’s Test of Equality
of Error Variances. Were calculated data related to
the averages of the 3 BMI groups in the tests, the
differences between them and their significance
with the application of Bonferroni Post Hoc Tests.
The Pearson parametric correlations (r) were
calculated between the anthropometric indicators
and the value of the performances in the muscle
strength tests. The confidence interval was set at
95% (p < 0.05) [39,40,41, 42, 43].

Results

Table 2 summarizes the information resulting
from the multivariate test, tables 3 and 4 the
univariate test results for the lower and upper
body. Tables 5 and 6 identify the significance of the
differences between the averages of the resulting
pairs (by BMI levels), and tables 7 and 8 summarize
the value of the correlation coefficients between the
anthropometric indicators and the set of applied
tests.

The global effect of the independent variable
BMI levels on the performances in the strength
tests for the tested students (Multivariate Tests) is
presented in table 2. The value F is associated with
a statistically significant threshold (p < 0.05), an

aspect also reinforced by the n*  value (expression
of size effect), which indicates that 20.4% of the
variance in the applied tests is generated/explained
by the variable BMI levels.

The influence of the independent variable on
the explosive force evaluation tests in the lower
limbs is summarized in table 3. It is observed that
significant thresholds of F (P<0.05) are obtained
only in tests based on horizontal jumps (Standing
Long Jump, 3-Hop Test and The multiple 5 bounds
test). However, 2 values indicate that an average
effect size for The multiple 5 bounds test (where
8.4% of the performance variance is explained by
the BMI levels variable), in the other two cases low
and medium effect size values were obtained. For
vertical jumps, repeated jumps and the 10m sprint,
all thresholds obtained are insignificant (P>0.05),
and the n?, values indicate weak and null effect
sizes, so in these tests no significant influence of
BMI levels on muscle strength is found of the lower
body.

The results of the analysis of variance for upper
body explosive strength are summarized in Table
4. Significant thresholds for F values (P<0.05) are
identified for all tests involving throwing heavy
objects (the 3 variants of throwing the medicine
ball and Shot put - track and field). In these cases,
strong and medium m? values are also obtained
(for example, for Shot put 14.2% of the variance of
the results is determined by the influence of BMI

Table 2. The results of the Multivariate Tests (MANOVA?)

Gender Effect A F

Hypothesis df Error df Sig. n?,

Observed Power

Male BMI levels 0.634 2.595°  26.000

264.000 0.000 0.204 1.000

a. Design: BMI levels; b. Exact statistic;

A-Wilk’s lambda; F-Fisher test; df-degrees of freedom; Sig.-level of probability; n? -partial eta squared

Table 3. Univariate test results (ANOVA) — The effect of variable BMI levels on the performances in lower

body strength tests
. Sum of Mean . Partial Eta Observed

Dependent Variable Squares Square F (2, 144) Sig. Squared Power
Vertical Jump Test/V]T  37.703 18.851 0.496 0.610 0.007 0.130
StandingLongJump o/ /) 195 1221.097  3.914 0.022 0.052 0.698
Test/SL]
3-Hop Test 23044.884  11522.442  3.245 0.042 0.043 0.610
The multiple Sbounds ) 276 603 (2165402 6.609 0.002 0.084 0.907
test/MB5
30s lateral doubleleg o7 977 128.638  2.247 0.109 0.030 0.452
hop test
Speed Test 10m 0.053 0.026 2.488 0.087 0.033 0.493
30s Continuous vertical (o 10.811 0.935 0.395 0.013 0.210

jumps
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Table 4. Univariate test results (ANOVA) — The effect of variable BMI levels on the performances in upper

body strength tests
. Sum of Mean . Partial Eta Observed

Dependent Variable Squares Square F (2,144) Sig. Squared Power
Overhand ball throw (OBT) 69.922 34.961 0.686 0.505 0.009 0.164
Shot put -track and field 243239.472 121619.736 11.873 0.000 0.142 0.994
?ﬁ’;rhead Medicine Ball Throw-forward 5602 905 198315452 7.541 0.001 0.095 0.941
Overhead Medicine Ball Throw- 443911.827 221955913 6.970 0.001 0.088 0.922
backward 3kg

Medicine ball chest throw 3kg 140055.364 70027.682 6.132 0.003 0.078 0.883

30s Plyometric Push-Ups/clap pushups  113.179 56.590 1.122 0.329 0.015 0.244

levels). Non-significant thresholds of F (P>0.05) are
registered only for Overhand Ball Throw and 30s
Plyometric Push-Ups, where the size effect values
are also weak or null, so in these cases performances
are not decisively influenced by BMI levels.

The differences between the average scores at
the level of the BMI pairs, for the explosive force of
the lower body, are shown in table 5. They capture
the superior scores of the underweights in almost
all tests (except for 30s Continuous vertical jumps,
where the normal-weights have the best average),
and the overweight group has the worst results in
all tests, among all tested groups. However, few
significant differences (P<0.05) are reported and
these are between the underweight and overweight
groups for the 3 horizontal jump tests. Even if the
normal weight group has higher values than the
overweight group in all tests, we identified only one
significant difference between these 2 groups (for
The multiple 5 bounds test). The average values
of the normal weight group are close to those of
the underweight group, with only insignificant
differences being reported (P>0.05). We found
that regular physical activity reduces the gaps
and mitigates the variations in explosive strength
performances between the compared groups, in 4 of
the 7 tests evaluated.

The average values and the differences between
them at the level of the 3 pairs for the explosive
strength of the upper body are shown in table
6. We find a major change, in the sense that the
overweight group has the superiority in these tests,
followed by that of the normal weight group, and
the worst results belong to those in the underweight
group. The differences are statistically significant
(P<0.05) for the Shot put test and the medicine ball
throwing variants, both between the overweight and
underweight groups, and between the overweight
and normal weight groups. This situation can
be explained by the composition of the group of
overweight athletes, involved in rugby, handball,
fitness/bodybuilding and combat sports, where the
level of muscle mass development and the demands

of the upper body are obvious. Only insignificant
differences (P>0.05) are reported between the
underweight and normal weight groups, even
though normal weight has better average scores in
all tests. No significant differences were recorded
between the groups for the overhand ball throw
and 30s Plyometric Push-Ups, so the superiority of
the average performances for normal weight and
overweight is not statistically confirmed.

Associations between anthropometric indicators
and lower body explosive strength values are
shown in Table 7. Body mass and BMI levels are
negatively associated with most leg strength test
performances, except Speed test 10m. Height shows
weak and significant positive associations (P<0.05)
with vertical and horizontal jumps, but also negative
associations with repeated jumps and Speed test
10m. Most of the weak but significant (P<0.05)
negative associations with the tests are observed
at the BMI level, so increasing BMI and body mass
indices are correlated with decreased muscle power
in all jumps, but weakly, positively and significantly
correlated with short distance sprint. This aspect
that must take into account the fact that, in the
sprint, the increase in the result actually highlights
a weaker performance, so a negative influence of
BMI and body mass can also be discussed.

The associations between the anthropometric
indicators and the explosive strength tests of the
upper body (Table 8) are materialized in weak and
medium correlation coefficients, but statistically
significant (P<0.05) at the Shot put level and the 3
medicine ball throwing tests. We can state that the
tall students and with increased values of muscle
mass and BMI index have better values in tests of
throwing heavy objects. The aspect is not confirmed
for throws with light objects and for plyometric
push-ups, where all correlation coefficients obtained
are statistically insignificant (P>0.05).

Discussion

Other similar research also identifies differences
between lower and upper body explosive strength

75



PEDAGOGY of Physical Culture

and Sports

Table 5. Synthesis of average values and differences obtained between the 3 BMI categories for lower body

explosive strength (underweight=15, normal weight=107, overweight=25)

Std. Std. i e — -
Test Group Mean deviation error & b Sig.® a-c Sig.® b-c Sig.
a.underweight  44.066 6.250 1.592
Vertical b. normal
Jump Test/ . 43315  6.154 0.596 0.751 1.000 1.867 1.000 1.116  1.000
VIT weight
c. overweight 42.200 6.159 1.233
a.underweight  234.667  13.854 4.561
Standing b. normal
LongJump . 225.934  18.231 1.708  8.732  0.225 15.987° 0.019 7.255  0.200
weight
Test/SL]
c. overweight 218.680  17.087 3.533
a.underweight  720.533  47.112 15.387
3-Hop Test &e?g}rl?al 693.962  60.608 5761  26.571 0.324 49.053° 0.038 22.483 0.275
c. overweight 671.480 61.550 11.918
The a.underweight 1176.400 110.702 25.042
multiple 5 b.normal 1130.710 98.208 9.376  45.690 0.269 108.400° 0.002 62.710° 0.013
bounds test/ weight
MBS c. overweight 1068.000 81.798 19.397
a.underweight  32.800 5.857 1.954
30s lateral b. normal
double leg - 32.271  7.587 0.732 0.529 1.000 3.960  0.334 3.431 0.129
weight
hop test
c. overweight 28.840 8.320 1.513
a.underweight 1.874 0.099 0.027
Speed Test  b. normal 1.885  0.099 0.010 -0.011 1.000 -0.059  0.244 -0.048 0.108
10m weight
c. overweight 1.933 0.119 0.021
30s a.underweight  20.866 3.758 0.878
Continuous  b. normal 21.224  3.320 0329 -0.358 1.000 0.667  1.000 1.024  0.531
vertical weight
jumps c.overweight ~ 20.200  3.523 0.680

"The mean difference is significant at the .05 level. PAdjustment for multiple comparisons: Bonferroni.

values, most of which are in agreement with the
results obtained in our study.

Excess body mass induces negative effects on
lower body muscle strength tests, an aspect signalled
by the analysis of young Greek basketball players.
In the U18 group, average countermovement/CM]
performances of 40 cm for those of normal weight
and 37.3 cm for overweight ones are obtained. For
the SLJ test a performance of 248 cm for those of
normal weight and 229 c¢cm for overweight ones is
reported. Even though in the Speed Test 10m both
groups have equal values (1.91s), for the Ul5 and
U12 groups, weaker results are obtained for the
overweight [44]. Other research reports a decline in
fitness levels for university students [4, 6, 18, 45].
The results are in accordance with those obtained
by us, where the underweight and normal-weight
have superior values compared to the overweight in
horizontal jumps.

Jump values are higher for athletic Indian
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university students (23.86 years) compared to those
not engaged inregular physical activity (22.16 years).
At VJT, athletes get 49.13cm, compared to 42.41cm
for non-athletes. The values of the explosive force
of the lower limbs are positively correlated with
the ectomorph and mesomorph constitutional
types, low body mass and the percentage of muscle
tissue, respectively negatively correlated with the
endomorph type, weight and body fat percentage
[46]. A longitudinal study of university students in
Taiwan (20-24 years) identified stronger negative
associations between BMI and standing long jump
(SL]) strength for men compared to women. Average
valuesof201.87 cm for men and 149.66 cm for women
are obtained for the participants [47]. Significant
differences between Indian male university
student athletes and non-athletes are highlighted
for VJT (49.13cm vs 42.41cm). Performances for
explosive leg strength are positively associated with
mesomorph and ectomorph somatic type, lean body
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Table 6. Synthesis of average values and differences obtained between the 3 BMI categories for upper body
explosive strength (underweight=15, normal weight=107, overweight=25)

Std. Std. B s b N -
Test Group Mean deviation error 2 b Sig.® a-c Sig.® b-c Sig.
a.underweight 39.226 7.437 1.844
Overhand - b. normal 41302 6.481 0.690 -2.076 0.881 -2.619  0.790 -0.544  1.000
ball throw weight
c.overweight  41.846 9.389 1.428
a.underweight 581.733  81.223 26.132
Shot put b. normal \ .
-track and V\;eight 646.186  93.152 9.784  -64.454 0.067 -151.867° 0.000 -87.413"  0.000
field
c.overweight  733.600 138.871 20.242
Overhead a.underweight 822.667  196.292 41.871
Medicine
b. 1
Ball We?;ﬁf‘a 879.570  147.866  15.677 -56.903 0.615 -180.533 0.003 -123.630° 0.002
Throw-
forward c. overweight 1003.200 196.822 32.433
Overhead a.underweight 1090.933 189.227 46.075
Medicine
b. 1 . ,
Ball We?;ﬁina 1164.570 169.714 17251 73637 0.410 -198.587 0.003 -124.950° 0.006
Throw-
backward  c.overweight  1289.520 207.270 35.690
a.underweight 764.533  114.092 27.592
Medicine b. normal
ball chest .'h 820.495  106.723 10.331  -55.962 0.179 -118.107° 0.003 -62.145" 0.029
throw weight
c.overweight  882.640  103.058 21.373
30s a.underweight 13.733 5.509 1.834
Plyometric b 1
Push-Ups/ W'eril;ﬁf‘a 16.607  7.086 0.687  -2.874 0433 -2.987  0.600 -0.113  1.000
clap push
ups c.overweight  16.720 7.950 1.421

"The mean difference is significant at the .05 level. YAdjustment for multiple comparisons: Bonferroni.

Table 7. The value of the Pearson correlation coefficients between anthropometric indicators and lower

body explosive strength tests

) Vertical Standing 3-Hop The ) 30s lateral 30s ) Speed
Variable Jump Long Test multiple 5 double leg Conflnu.ous Test
Test Jump bounds test hop test vertical jumps 10m
Weight r (value)  -0.004 -0.141 -0.123  -0.138 -0.306™ -0.173" 0.181
Sig. 0.959 0.089 0.137 0.095 0.000 0.036 0.028
Height r(value)  0.212° 0.156 0.199 0.354™ -0.196 -0.084 0.136
Sig. 0.010 0.058 0.015 0.000 0.017 0.312 0.101
BMI r (value)  -0.118 -0.250" -0.253" -0.333" -0.247" -0.146 0.269™
Sig. 0.154 0.002 0.002 0.000 0.003 0.078 0.001

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

mass and % skeletal muscle mass, and negative
associations are reported with endomorph somatic
type, % body fat, weight and body surface area [46].
Our research supports these findings, identifying
negative associations between BMI values and all
types of jumping tests.

For the sedentary Indian university students in
Calcutta (21-25 years old), average vertical jump

test/CM]J values of 47 cm for men and very poor
values of 22.05 cm for women are obtained. The
high percentage of adipose tissue is a factor that
limits the value of performances in this test [48]. We
have identified a statistically significant superiority
of the underweights over the overweight ones, for
all variants of horizontal jumps. Weight loss (by
ketogenic diet) for Korean Taekwondo practitioners
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Table 8. The value of Pearson correlation coefficients between anthropometric indicators and upper body

explosive strength tests

Overhead Overhead Overhead Medicine  30s
Variable ball Shot put Medicine Ball Medicine Ball ball chest Plyometric
throw Throw-forward Throw-backward throw Push-Ups
. r (value)  0.101 0.508" 0.483™ 0.450™ 0.459™ 0.067
Weight .
Sig. 0.226 0.000 0.000 0.000 0.000 0.423
. r (value)  0.141 0.330™ 0.381" 0.311" 0.380™ -0.024
Height .
Sig. 0.088 0.000 0.000 0.000 0.000 0.773
BMI r(value)  0.035 0.401" 0.355™ 0.342™ 0.322" 0.082
Sig. 0.670 0.000 0.000 0.000 0.000 0.326

** Correlation is significant at the 0.01 level (2-tailed)

shows beneficial effects related to increased
aerobic capacity and fatigue resistance. For the SLJ/
Standing broad jump, however, a slight decrease in
performance is noted, from 229.6cm to 227.55cm, a
similar situation being also reported for the sprint
test [49]. These results are above the average values
obtained by our normal weight and overweight
groups, but our underweight group achieves a higher
average value (234.667cm).

Elevated body fat values negatively influence
performance in all short-distance sprint and
explosive strength tests for young Qatari handball
players (16.55 years) selected from all playing
positions. At the CM]J, the normal-weight achieve
32.61cm and the obese 31.15cm, and at the 3 kg
medicine ball chest throw/MBCT the normal-weight
have a result of 840cm vs 769cm for the obese [50].
The results of our overweight group do not confirm
these findings for the medicine ball throws (where
they perform better) and they do confirm for the
vertical jump (Where the average values are poorer).
Values in explosive strength and agility tests (T-test,
10m sprint, VJT) for Qatari handball players are
much better for those with a low percentage of
adipose tissue. However, the medicine ball overhead
throw-forwards test is the only one in which the
average value of the overweight is higher than that
of the normal weight [51]. For Polish university
students (20 years old), negative associations are
reported between BMI values and increased body
mass with almost all muscle strength tests. However,
positive correlations are identified for medicine ball
throw variants, men achieve a maximum score of
1283cm for Medicine ball forward throw, 1745cm
for Medicine ball backward throw and 278cm for SL]
[52]. The higher values of the overweight for the
medicine ball throwing tests are also confirmed by
our study, with significant differences compared to
the normal and underweight students.

Studies on young football/soccer players (U16,
U17 and U-19) highlight the superiority of those who
play more minutes in matches, compared to those
with fewer playing minutes, in terms of aerobic
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fitness. However, no significant differences and
correlations are reported at the level of anaerobic
power (vertical and horizontal jumps) or for Body
fat between the two studied categories. For the U19
group, 740cm are obtained in the triple hop test and
40cm in the CMJ, the fitness level being better with
advancing age [53]. The triple hop test performance
is superior to all the average values obtained
by our groups, a possible explanation being the
exclusive presence of performance athletes, within
our subgroups there are also students who are not
constantly involved in performance sports. Body
height and vertical jumps are important aspects for
the performance of volleyball players (elite level)
whose lower body explosive strength test values
differ according to the position on the court. The top
results for CM] are obtained by opposite hitters and
outside hitters/receivers (57.4 cm), and the best CM]
(with arm swing) values are also reported for the
same positions (70.67 cm), according to [54]. Our
study identifies positive associations between body
height and vertical jump performance, except for
30-second repeated jumps (vertical and horizontal),
where the associations are negative.

The comparison of CM] test values between
Brazilian judoka athletes (20.5 years) and Brazilian
jiu-jitsu (BJ]) athletes, identifies higher but
statistically insignificant scores for judoka (46.56
c¢m vs. 45.33 cm). For the advanced level groups, the
performances are higher and relatively balanced
(48.44 cm vs. 48.41 c¢m). For both disciplines, higher
values of experienced athletes are found, compared
to beginners/novices, so experience and physical
accumulations have a role in the manifestation
of explosive strength [55]. Investigation of young
track and field sprinters (18 years) indicated
strong associations between short-distance sprint/
acceleration test performance with vertical jump
explosive strength and body height [56].

The use of Trampoline Exercise (20 weeks x 4
sessions per week) for Iranian adolescents has effects
on increasing calf girth, but also on optimizing the
anaerobic power of the lower limbs, with very good
values for VJT (71cm) and SLJ (218cm), according
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to [57]. Our values for VJT are weaker, but at the
SLJ level only the overweight group has a similar
performance, and the underweight and normal
weight groups have higher average scores. The
efficiency of plyometrics in optimizing the explosive
strength of the lower limbs is demonstrated on
Algerian university students, majoring in Physical
Education and Sports (19 years old). They obtain
SL] values of 241cm, compared to 228cm for those
who followed a traditional strength development
program, the performances being optimized in the
triple jump/athletic test and in the short-distance
sprint [58]. In this case we note that all 3 of our
groups have lower values at SLJ, compared to the
value of those who exclusively used plyometrics in
training.

Arm muscles are important in serving in tennis,
and using push up variations generates increases in
muscle strength for Indonesian university student
athletes, with final values of 16.38 push-ups [59].
Our overweight and normal weight groups have
similar average results, and the underweight group
has a poorer score of just 13,733 push-ups.

For male recreational athletes (22.6 years old)
involved in team sport games (soccer, basketball,
rugby, baseball) values of 1.76s are obtained in the
10m acceleration test. Short-distance sprint values
are significantly correlated with unilateral vertical
and horizontal jump performance [60]. For US
male collegiate student athletes (21.1 years), the
following leg muscle strength values are obtained:
VJT (51.72cm), SLJ (240.44cm), 10 Yard Sprint
(1.72s). Negative associations are identified between
SL] performance and short distance sprint times
[61]. All of these studies show leg muscle strength
values superior to our students. A comparative
analysis of the effectiveness of plyometrics vs
electrostimulation for predominantly male Indian
badminton players (where agility and vertical
jumps are specific demands) identifies better short-
distance sprint progress with the plyometric variant.
For lower limb explosive strength both methods are
efficient, but electrostimulation generated better
average results than plyometrics at VJT (55.93cm
vs 48.26cm) and at SLJ (237.53cm vs 226.46¢cm) [62].
In this case also, our groups obtained poorer results
than those previously presented. Various sports
(soccer and judo) require skills related to strength,
speed and motor coordination, with an effect
on competition performance. The use of speed-
jumping training (various horizontal and vertical
jumps) for these sports (Polish teenagers) leads to
increases in explosive strength at the level of the
legs. The results are better for soccer players: in SL]
227.2cm vs 225.4cm, and at 3-Hop Test 700.8cm vs
680.4cm [63]. In this case, our underweight group
has better average scores on both tests, the normal
weight group has similar values, and the overweight
group has lower average values.

Conclusions

Univariate tests results indicate F values
associated with significant thresholds at the level of
the lower body (P<0.05) for tests based on horizontal
jumps (Standing Long Jump, 3-Hop Test and The
multiple 5 bounds test). Similar significant values
are obtained at the upper body level for Shot put
and medicine ball throws (Overhead Medicine Ball
Throw-forward, Overhead Medicine Ball Throw-
backward and Medicine ball chest throw). Group
comparison according to BMI levels indicates the
superiority of underweight and normal weight
over overweight in all tests of lower body explosive
strength. The situation is reversed for the upper
body explosive strength tests, where the overweight
has the best average values, followed by the normal
weight, and the worst results are found for the
underweight group. The only tests at the level of
the upper body where the differences between the
groups are statistically insignificant (P>0.05) are the
Overhand ball throw and 30s Plyometric Push-Ups.

The correlations (r / Pearson values) between
the anthropometric indicators and the results of the
applied set of tests indicate positive associations
between body height and vertical and horizontal
jumps, except for repeated ones (lateral and vertical
30s). With the exception of the 10m speed test, body
mass and BMI only show negative associations with
jump-based tests, so increases in these indicators
negatively influence performance in all types of
jumps. The correlations recorded at the level of
the upper body show average positive and, in most
cases, significant values (P<0.05) of r for most tests,
so increases in body mass, BMI and body height are
associated with an improvement in results in all
throwing tests.

The results of our study must be viewed with
caution, the main limitation of the research being
the numerical imbalance between the groups, with
a low percentage representation of the underweight
and overweight groups. Studies on larger and
balanced samples are needed from this point of
view. We believe that investigations based on the
analysis of body composition would bring additional
information related to the amount of active muscle
mass, especially for the overweight group, and
would provide scientific arguments related to their
superiority in tests of explosive strength based on
throws.
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In the basis of the boxer’s power qualities is the ability to perceive and process external information.
Therefore, in order to ensure the proper training of qualified boxers, there is a need to monitor the
functional state of the boxer’s organism. The relationship between cognitive functions and special
working capacity of elite boxers were studied.

The level of special working capacity was studied by the test of punching a boxer for 8 s at maximum
speed. Cognitive functions (verbal and nonverbal intelligence, and word memory) were studied
using the “Multipsychometer-05” (European-Asian Association of Polygraphologists, Kazakhstan)
hardware-software. 26 elite boxers, aged 18-24, were tested.

The research results showed that groups of boxers with different levels of special working capacity
differ in terms of accuracy and efficiency when performing a cognitive task with verbal stimuli.
The high level of special working capacity of elite boxers is provided by the manifestation of verbal
intelligence. Besides, the special working capacity is related with activation of mental functions
of attention, speed of visual perception, operational and logical thinking. At the same time,
significantly higher values of decision latency in this group of boxers indicate a slowdown in the
processing of nonverbal information in boxers with a high level of special working capacity to work.
It can be noted that the special working capacity of boxers has a direct relationship with quality
and inverse relationship with the speed of information processing. The speed of memorizing verbal
information is better in boxers with a high level of special working capacity. This fact indicates the
importance of the verbal factor for the assimilation of special information in the training of boxers.
The best values of accuracy and efficiency indicate the relationship of special working capacity in
skilled boxers with the quality and volume of memorized verbal information.

The special working capacity of elite boxers has a direct relationship with quality and inverse
relationship with the speed of information processing. The elite boxers with a high level of special

working capacity have a better speed of verbal information memorizing.

Keywords:

cognitive functions, boxers, special capacity, verbal, nonverbal, intelligence

Introduction

Modern boxing is characterized by an increase
in the intensity of fights and the rate of change of
the situation in the ring. Many researchers focus
on the speed and strength properties of boxers
as necessary factors of efficiency in competitive
conditions [1, 2, 3]. However, the basis of the boxer’s
power qualities is the ability to perceive and process
external information [4, 5].

Therefore, in order to ensure the proper training
of qualified boxers, there is a need to monitor the
functional state of the boxer’s organism. After all,
the high intensity of the fight requires boxers to
maximize the mobilization of psycho-emotional
and functional resources. It is known that the
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functional state of the athlete’s body reflects an
integrated set of characteristics of the athlete, which
are responsible for the effectiveness of training and
competitive activities [6, 7]. Among the factors of the
functional state of the qualified wrestler’s organism,
the psychophysiological characteristics are most
important [8, 9]. In turn, cognitive functions are
components of the athlete’s psychophysiological
state [10, 11]. Based on this, it is advisable to use
the evaluation of the state of cognitive functions
to assess the ability of boxers to the training and
competitive process.

Analysis of the structure of competitive activity
in single combats indicates an important aspect
of mental activity aimed at the perception of
information and prompt decision-making during
the fight [12, 13]. Current research on integrated
control in single combats shows that most of the
work concerns certain characteristics of athlete’s
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functional state in different conditions of training
and competitive activities [14, 15, 16]. However,
many studies do not have a comprehensive
approach to assessing the relationship between
athlete’s cognitive function and special working
capacity. From the point of view of the peculiarities
of a boxing match, it is important to synchronize
between the perception and processing of external
information with the motor realization. For effective
perception of information, its analysis and decision-
making on the appropriate response to the actions
of the opponent, it is necessary to activate cognitive
functions such as memory and intelligence of the
boxer.

Verbal intelligence is associated with the
perception of verbal information, primarily from
the coach - the second, which allows the athlete to
adjust their actions in accordance with appropriate
strategies. Non-verbal intelligence is related to the
athlete’s ability to perceive external factors related
to the opponent’s actions and to respond quickly to
situations that arise in a duel. The memory function
is characterized by memorizing and retrieving
information from the long-term motor response
to counteract the actions of the opponent. In sum,
there is a need to study the relationship between the
manifestation of cognitive functions and the special
working capacity of elite boxers.

The research purpose is to study the relationship
between cognitive functions and special working
capacity of elite boxers.

Material and Methods

Participants

26 elite boxers, members of the Kyiv city team,
aged 18-24, were tested. All athletes agreed to
conduct scientific tests and use the research results
for scientific purposes, in accordance with the
recommendations of the Ethics Committees on
biomedical research.

Research Design

Special working capacity

The chronodynamometer “Spuderg” of Savchyn’s
design was used to assess the athlete’s special
working capacity [17]. The level of special working
capacity was studied by the test of the boxer’s blows
for 8 s at maximum speed.

Cognitive functions
Cognitive functions were studied using
the  “Multipsychometer-05”  (European-Asian

Association of Polygraphologists, Kazakhstan)
hardware-software. The following methods have
been assessed: verbal, nonverbal intelligence and
word memory. The assessment of verbal intelligence
was carried out on the “Establishing patterns” test.
This test is designed to study the features of the
thinking process (activity, intelligence) and random

access memory (RAM). The peculiarity of testing is
to define in one word out of five, presented in coded
form. The athlete is asked to perform 25 tasks in 6
minutes. According to the test results, the following
indicators are determined: productivity; speed;
precision; efficiency. Nonverbal intelligence was
determined by the “Comparison of numbers” test.
The task of the “Comparison of numbers” test is
to assess the peculiarities of the mobilization of
human cognitive resources. The procedure involved
a consistent comparison of numbers by size. One by
one, numbers from 2 to 9 were displayed in the center
of the display. The task was to compare the current
number with the previous one. The length of the test
is 128 signals; the duration of execution is from 1.5
to 4 minutes, at auto tempo. According to the test
results, the following indicators were determined:
efficiency, reaction latency, accuracy and stability.
The “Memory for words” test was designed to assess
the amount and stability of short-term memory for
verbal stimuli. The subject had to memorize a set of
30 different words for 1 minute. At the end of the
time, numbered combinations of 5 words appeared
on the screen. The participant needs to recognize
the word that was presented for memorization, and
indicate it by pressing the appropriate key. In each
proposed combination of words it could be only
one word that was memorized. The technique took
4 minutes. Based on the test results, the following
indicators were determined: productivity, speed,
accuracy and efficiency.

Statistical analysis

Statistical processing of the obtained results was
performed using the “Statistica 12” software. Since
the analyzed indicators were non normal distributed,
the Wilcoxon rank sum test was used to determine
the statistically significant difference between
the samples. To present the data distribution, an
interquartile range was used, indicating the first
quartile (25% percentile) and the third quartile
(75%).

Results

According to the results of special working
capacity, all boxers were divided into two
conventional groups. The first group had a high
level of working capacity (from 200 conventional
units and above), the second group had a low level
of special working capacity (below 200 conventional
units). The first group included 12 athletes, the
second - 14 athletes.

The Table 1 presents the average values of the
“Establishing patterns” cognitive test for solving
verbal tasks in qualified boxers with different levels
of special working capacity. When performing
the “Establishing patterns” test, the functions,
perception of external information, operational
and logical thinking, as well as concentration, are

85



PEDAGOGY of Physical Culture

and Sports

activated. The higher values of the accuracy index
that were identified in terms of performing a verbal
test in boxers with a high level of special working
capacity indicated the ability to perceive and process
information, as well as concentration (Table 1).

Theresearch results showed that groups of boxers
with different levels of special working capacity
differ in terms of accuracy and efficiency when
performing a cognitive task with verbal stimuli. The
presence of significant better values of efficiency
in boxers with a high level of special working
capacity indicated the manifestation of logical and
operational thinking in terms of performing a verbal
test. Thus, a high level of special working capacity
in elite boxers that is indicated by the manifestation
of verbal intelligence with the activation of mental
functions of attention, speed of visual perception,
operational and logical thinking.

Table 2 presents the average values of the
“Comparison of numbers” cognitive test in solving
nonverbal problems in elite boxers with different

levels of special working capacity. The analysis
showed the presence of significant differences
between groups of boxers with different levels of
special working capacity in terms of efficiency,
solution latency and stability. The presence of
significantly higher values of efficiency in boxers
with a high level of special working capacity
indicates a better quality of processing of nonverbal
information.

At the same time, significantly higher values of
solution latency in this group of boxers indicate a
slowdown in the speed of nonverbal information
processing in boxers with a high level of special
working capacity (Table 2). It can be noted that
the special working capacity of boxers has a direct
relationship with quality and inverse relationship
with the speed of information processing.

Significantly higher values of stability in boxers
with a high level of working capacity indicate
a weakening of mental stress in boxers of this
group (Table 2). At the same time, the decrease in

Table 1. The average values of the “Establishing patterns” cognitive test in elite boxers with different levels
of special working capacity (median, lower and upper quartiles)

Parameter

High level of working capacity

Low level of working capacity

(n=12) (n=14)
19.00 20.00
Productivity, conventional units
17.00; 21.00 16.50; 21.00
4.65 4.26
Speed, conventional units
3.66;5.17 3.41;5.39
0.85 0.72*
Accuracy, conventional units
0.72;0.91 0.66; 0.83
60.00 43.60*
Efficiency, conventional units
46.80; 70.91 36.97; 51.60

Legenda: * - the difference is statistically significant comparing the two groups of boxers of high and low

working capacity (p =.05)

Table 2. The average values of the “Comparison of numbers” cognitive test in elite boxers with different
levels of special working capacity (median, lower and upper quartiles)

Parameter

High level of working capacity

Low level of working capacity

n=12) n=14)
1097.70 944.27*
Efficiency, conventional units
891.61; 1357.40 844.91; 1037.60
1080.60 904.13*
Solution latency, ms
877.68; 1283.20 808.34; 983.96
0.97 0.95
Accuracy, conventional units
0.93;0.98 0.94; 0.96
36.03 26.59*
Stability, %
32.47;40.76 21.59; 31.06*

Legenda: * - the difference is statistically significant comparing the two groups of boxers of high and low

working capacity (p =.05)
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Table 3. The average values of the “Word memory” cognitive test in elite boxers with different levels of
special working capacity (median, lower and upper quartiles)

Parameter

High level of working capacity

Low level of working capacity

(n=12) (n=14)

24.00 21.50
Productivity, conventional units

17.00; 27.00 15.50; 24.50

10.34 8.62%
Speed, conventional units

8.05;12.96 7.56; 10.60

0.80 0.71%*
Accuracy, conventional units

0.56;0.90 0.61;0.80

60.00 46.59*
Efficiency, conventional units

25.97; 78.75 26.43; 62.98

Legenda: * - the difference is statistically significant comparing the two groups of boxers of high and low

working capacity (p =.05)

the rate of stability in boxers with a slowdown in
special working capacity indicates the presence of
mental stress against the background of accelerated
processing of information.

The Table 3 presents the average values of the
“Word memory” cognitive test in elite boxers with
different levels of special working capacity. The
analysis showed significantly higher values of
speed, accuracy and efficiency in qualified boxers
with a high level of special working capacity. The
speed of verbal information memorizing is better in
boxers with a high level of special working capacity.
This fact indicates the importance of the verbal
factor for the assimilation of special information in
the training of boxers. The best values of accuracy
and efficiency indicate the relationship of special
working capacity in skilled boxers with the quality
and volume of memorized verbal information.

Discussion

The development of boxing at the present stage is
characterized by changes in the rules of competition
aimed at increasing the intensity and spectacle of
competitive fighting [18, 19]. The changes taking
place in boxing are aimed, firstly, at increasing
the safety from athlete’s injury, and, secondly, at
bringing the boxing scheme closer to the result that
is clear to the audience.

In addition, major changes in competition rules
are associated with encouraging boxer activity and
increasing the intensity of competitive combat [20].
In this regard, there is a need to restructure the
training program for qualified boxers, taking into
account the modern requirements of competitive
activities.

Therefore, in order to ensure the proper training
of qualified boxers, it is necessary to monitor the
functional state of the body. After all, the high
intensity of the fight requires boxers to maximize the
mobilization of psycho-emotional and functional

resources [21]. It is known that the functional
state of the athlete’s body reflects an integrated
set of characteristics, which are responsible for
the effectiveness of training and competitive
activities [22, 23]. One of the components of the
functional state of the body of qualified athletes
is psychophysiological functions [24, 25]. Based
on this, it is advisable to use the assessment of
psychophysiological functions for the needs of
current control for qualified boxers. However, among
the components of psychophysiological functions,
cognitive characteristics occupy a leading link [26,
27]. After all, due to the cognitive characteristics
of the athlete, it is possible to perceive and process
adequately the external information for successful
activation [28, 29].

The structure of competitive activity in boxing
includes elements of neurodynamic, psychomotor
and cognitive characteristics [30, 31]. Analysis of
modern research on the study of integrated control
in single combats shows that most of the work is
devoted to the study of certain characteristics of the
functional state of athletes in different conditions
of training and competitive activities [32]. However,
among many studies there is no comprehensive
approach to assessing the functional and
psychophysiological condition of qualified athletes.
In our research, we examined the relationship of
special working capacity with cognitive functions in
elite boxers.

It has been established that non-verbal
intelligence is important for boxers with a reduced
level of special working capacity in the training
process.  Obviously, non-verbal information
related to visual perception allows elite boxers to
compensate for the decrease in the level of special
working capacity. Boxers with a high level of special
working capacity have the best values of logical
and operational thinking in terms of performing a
verbal test. It was found that a high level of special
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working capacity in elite boxers is provided by
the manifestation of verbal intelligence with the
activation of the functions of attention, speed of
visual perception, operational and logical thinking.
The quality of non-verbal information
processing is better in boxers with a high level of
special working capacity. However, this affects the
speed of perception of non-verbal information,
which is better for boxers with a reduced level of
special working capacity. It can be noted that the
special working capacity of elite boxers has a direct
relationship with quality and inverse relationship
with the speed of information processing. The
speed of verbal information memorizing is better
in boxers with a high level of special working
capacity. This result indicates the importance of
verbal intelligence for the assimilation of special
information in the training of elite boxers.

Conclusions

In conclusion high level of special working
capacity of elite boxers is provided by activation of
verbal intelligence, logical and operational thinking.
In addition, the special working capacity of elite
boxers has a direct relationship with quality and
inverse relationship with the speed of information
processing. Finally, elite boxers with a high level
of special working capacity have a better speed of
verbal information memorizing.
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